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Abstract 
Food is essential for everyone’s life, therefore the safety of food we consume always brings 
much attention. Consumption of food contaminated with pathogens may pose a risk since in 
some cases a very low infective dose is enough to cause illness. In addition, food 
contamination with antibiotic resistant bacteria could be a major threat to public health as the 
antibiotic resistance determinants can be transferred to other pathogenic bacteria, causing 
compromise in the treatment of severe infections. The questions about the hygiene of raw 
foods samples in Vietnam and their pathogenic potential remain to be determined. This study 
was developed to address part of the shortage in the information, include the prevalence of 
enteric bacteria in raw food samples from Vietnam, phenotypic and genotypic characteristics 
of their antibiotic resistance and their virulence potential. 
One-hundred and eighty samples comprising pork, beef, chicken, shellfish were purchased 
from various markets and supermarkets around Ho Chi Minh City for the isolation and 
identification of Salmonella spp., Escherichia coli and Vibrio spp. Forty-three samples from 
chicken faeces were also collected from two chicken farms for the isolation of E. coli. The 
frequency of Salmonella spp. contamination in chicken, beef, pork and shellfish was 53.3%, 
62%, 64% and 18% respectively. More than 90% of raw meat and shellfish were 
contaminated with E. coli. On the other hand, there was no V. cholerae present in 50 shellfish 
samples but 32% of them were contaminated with V. parahaemolyticus. These results 
demonstrated that enteric bacteria were at a high level in raw food samples. 
All 91 Salmonella spp. isolates obtained in this study were serogrouped and it was found that 
all belong to groups B, C1, C2, D, E, G2 and I, in which group E was the predominant group 
in both beef and pork isolates (75.0% and 87.5% respectively). Serotyping results revealed 
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2 
that S. Typhimurium was present in all food sources. In contrast, none of the isolates was 
S. Enteritidis. Other important serotypes involved in foodborne outbreaks worldwide such as 
S. Anatum, S. Paratyphi B biovar Java, S. Panama, S. Rissen, S. Lexington and S. Newport 
were detected in this study, especially serotype S. Anatum which was found in pork meat at a 
high rate (75%). 
PFGE was used to determine the degree of genomic polymorphism of Salmonella spp. Of 51 
Salmonella spp. isolates tested, there were 33 distinct PFGE patterns, indicating extensive 
genetic diversity among Salmonella spp. isolates. When comparing PFGE patterns and 
serotypes of Salmonella strains, it has been proposed in this study that PFGE could be used as 
an alternative method for serotyping. Only representative strains need to be serotyped, then 
time and cost could be saved. 
Susceptibility of the isolates to 15 antimicrobial agents was tested by the disk diffusion 
method. The results illustrated the high individual and multiple resistance to antibiotics in 
E. coli isolates. The most resistant phenotype were tetracycline, sulphafurazole, ampicillin, 
amoxicillin, nalidixic acid, streptomycin, trimethoprim and chloramphenicol, in which 
resistance to tetracycline has approached a 100% level in E. coli isolates from pork and 95% 
for sulphafurazole in chicken isolates. Resistance to ciprofloxacin, a frontline antibiotic for 
human therapy, was also observed in all sources with the exception for beef isolates, and the 
highest rate was in chicken isolates (53%). Multiresistance (resistant to at least four 
antibiotics) were observed in all sources, ranging from 70-95% in chicken, pork and chicken 
faeces isolates.  
Resistance to tetracycline, ampicillin, sulphafurazole, streptomycin and nalidixic acid were 
common in Salmonella spp. isolates from pork and chicken, and resistance to enrofloxacin 
ABSTRACT 
 
 
 
 
3 
was also observed. In contrast, none of the isolates were resistant to augmentin (amoxicillin-
potassium clavulanate), cephalothin, norfloxacin or ciprofloxacin. Multiresistance was 
predominant in serogroup E isolates, including S. London, S. Albany and highest in 
S. Anatum. Multiresistant isolates were also detected in S. Typhimurium serotype. It was 
noticed that generally, resistance was more prevalent in chicken and pork isolates than in beef 
and shellfish, both with Salmonella spp. and E. coli isolates, reflecting the higher levels and 
frequency of antibiotics used in chicken and pig farming. Different from resistance 
phenotypes observed in E. coli and Salmonella spp. isolates, all of the V. parahaemolyticus 
isolates were uniformly resistant to ampicillin and amoxicillin and no resistant isolate was 
obtained for other antibiotics. 
Thirty-eight antibiotic resistance E. coli and 26 Salmonella spp. isolates were selected to 
study the presence of antibiotic resistance genes. Twenty-four genes implicated with 
antibiotic resistance and conferring resistance to different families of antibiotics were 
included in this study. The result found that betalactam TEM gene and tetracycline resistance 
tetA, tetB genes were highly distributed in both E. coli and Salmonella spp. isolates. Other 
resistance genes, including sulI, cmlA, aadA and aphA1 were also present at high levels and 
genes of dhfrV, aac(3)-IV were at moderate level (27-29%) in E. coli isolates which show 
resistance (or intermediate resistance) to corresponding antibiotics. In contrast, sulI gene and 
aadA genes were present in Salmonella spp. isolates at a much lower level (7.1%-16.7%). The 
presence of plasmid-mediated ampC genes, which are responsible for resistance to many 
important beta-lactam antibiotics, were detected in E. coli isolates. 
Identification and characterisation of mobile genetic elements, including class 1 integrons and 
plasmids were carried out for antibiotic resistance isolates. The results demonstrated that 
integron-mediated antibiotic resistance is common among E. coli where 57.1% of E. coli 
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isolates were detected to contain integrons, with some of them containing 2 integrons. 
Sequencing results revealed that integrons of Salmonella spp. and E. coli isolates harboured 
varying gene cassettes, including aadA1, aadA2, aadA5, aacA4, dhfrXII, drfA1 and dhfrA17, 
blaPSE1 and catB3. Other mobile elements, that were plasmids, were detected in all 23 
antibiotic resistant Salmonella spp. and 33 E. coli tested isolates, in which 35% of Salmonella 
spp. isolates and 76% of E. coli isolates harboured plasmids of more than 95 kb. Conjugation 
experiments has showed the successful transfer of all or part of the antibiotic resistance 
phenotypes among the food isolates, which involved the transfer of one, or more than one, 
plasmids. Conjugation was demonstrated to occur between the same and different species 
(Salmonella spp. and E. coli) of food isolate collections. In addition, the transfer of resistance 
genes by transduction was also demonstrated through the phage P22 HT105/1 int-201 where a 
pathogenic isolate from chicken showed the ability to receive nalidixic acid resistance and 
streptomycin resistance determinants from donors. The ability of food isolates to exchange 
resistance genes by different mechanisms demonstrated in this study imply the possible health 
risk caused by food bacteria, and virulence strains might even become more resistant.  
Salmonella genomic island 1 (SGI1), a 43-kb genomic region contains a 13-kb antibiotic 
resistance gene cluster, has been reported in multiresistant S. Typhimurium DT104 and in 
other S. enterica serovars worldwide. PCR mapping identified a variant SGI1 antibiotic 
resistance gene cluster in an isolate of S. Albany from chicken, in which aadA2 gene in SGI1 
was replaced by dfrA1 and orfF gene cassettes. Macrorestriction analysis by pulsed field gel 
electrophoresis of this strain digested by XbaI showed that it is genetically distinct from SGI1 
containing S. Typhimurium DT104, suggesting the horizontal transfer of this region. 
However, the resistance gene cluster could not be transferred to recipient by typical in vitro 
conjugation experiment. 
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The ownership of resistance genes was investigated in this study to examine the pathogenicity 
potential of the isolates. Examination of 91 Salmonella spp. for the invA gene demonstrated 
that this gene was present in all Salmonella spp. isolates irrespective of the serovar or source. 
The plasmid virulence gene spvC was detected in one S. Typhimurium isolate only, this gene 
was confirmed to be on a 95 kb virulence plasmid. In addition, invasion assays using human 
intestine INT407 cells line was carried out to assess the invasiveness of Salmonella spp. 
isolates. Invasion assays performed in vitro demonstrated that Salmonella from food were 
capable of invading human cells. The result showed that the spvC-containing isolate was more 
invasive than all other isolates. It was also observed that multiresistant isolates, which include 
isolates which contain SGI-1, did not show a higher degree of invasion. 
The investigation for the presence of 58 virulence genes in 38 multi-resistant E. coli isolates 
by multiplex and uniplex PCR illustrated that all the isolates contained at least one virulence 
gene and there were 16 genes which are associated with different pathotypes detected. The 
result showed that E. coli harbours virulence genes whose combination does not give them a 
particular pathogenic type consistent with E. coli pathotypes of enterohemmorrhagic (EHEC) 
or enterotoxigenic E. coli (ETEC). However, this E. coli population contained many virulence 
genes which might comprise a huge environmental genetic reservoir for virulence traits. There 
was a multiresistant isolate E/C/15a from chicken meat which contained the maximum 
number of virulence genes (9 genes). A variety of virulence genes associated with 
extraintestinal pathogenic E. coli (ExPEC) were observed, including bmaE, fimH, fyuA, 
iroNE. coli, iutA, ibeA, iss, traT, and papG III. Moreover, east1 gene, which is involved in 
human outbreaks of diarrhoea, was found at a high frequency in all food sources (20-50%).  
The data obtained in this study indicated that raw food in Vietnam are potential reservoirs for 
many pathogenic organisms, and confirms the role of food animals as a reservoir of multidrug 
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resistant E. coli and Salmonella spp. In addition, the study demonstrated enteric bacteria in 
Vietnamese food samples contained the pool of individual important genetic elements 
including integrons, plasmids, antibiotic resistance genes and virulence genes which implicate 
a potential public health hazard. The application of hygiene practices along the food chain and 
prudent use of antibiotics in animal husbandry are essential and these applications may help to 
reduce the risks of food poisoning. In addition, the data shows that food must be adequately 
cooked to reduce the opportunity for bacteria to cause disease and that all care must be taken 
to reduce the opportunity for post cooking recontamination of the food. 
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Chapter 1: Introduction 
1.1. Enteric bacteria as food contaminants 
1.1.1. Foodborne diseases worldwide 
Foodborne diseases are an important cause of morbidity and mortality worldwide. There are 
over 200 different types of illness that may be transmitted by food. The causes of foodborne 
illness are bacteria, viruses, parasites, and chemicals, and bacterial contamination is the most 
common cause of illness (Mead et al., 1999; Lindqvist et al., 2000; Adak et al., 2002; Su et 
al., 2005; Lynch et al., 2006). Most foodborne bacterial infections cause self-limiting 
diarrhoea, however, systemic infection and death can occur, particularly in vulnerable groups 
such as the elderly, people with diminished immunity or infants and young children (Mead et 
al., 1999; Meng and Doyle, 2002; Kennedy et al., 2004). Bacteria have accounted for more 
than 70% of deaths associated with foodborne transmission (Mead et al., 1999; Adak et al., 
2002; Vaillant et al., 2005; Lynch et al., 2006; The OzFoodNet Working Group, 2006; 
Hughes et al., 2007). 
The global incidence of foodborne disease is difficult to estimate, but it has been reported that 
in 2000 alone, 2.1 million people died from diarrhoea diseases (WHO, 2002). Foodborne 
diseases have been estimated to cause about 76 million illnesses, 325,000 hospitalizations, 
and 5,000 deaths in the United States each year (Mead et al., 1999). In England and Wales, 
there were an estimated 1,338,772 cases, 20,759 hospital admissions, and 480 deaths due to 
indigenous foodborne disease in 2000 (Adak et al., 2002). Foodborne disease is a 
considerable burden on Australian society with estimated 5.4 million cases and costing an 
estimated $1.2 billion dollars annually  (The OzFoodNet Working Group, 2006).  
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Surveillance systems for foodborne disease vary in capacity by country. Most countries have 
a passive system that allows data on foodborne illness to be sent to authorities. However, the 
data have uneven quality which vary according to resources at the local level (Todd, 2006). 
Some well-developed countries such as Australia, Canada, the Netherlands, the United 
Kingdom and the USA have developed active national surveillance of food borne diseases, for 
example, the Foodborne Diseases Active Surveillance Network (US FoodNet) was set up in 
1996 in the United States or the OzFoodNet network established in 2000 in Australia.  
 
1.1.2. Foodborne diseases in Asia and Vietnam 
Foodborne diseases are less documented in developing countries, but they pose a serious 
threat to less developed, densely populated areas in these countries. Except for a few countries 
such as Japan, surveillance of foodborne disease in Asia is non-existent or not systematic 
(FAO/WHO, 2004). There is a need to establish or strengthen the national foodborne disease 
surveillance programmes in these countries.  
Vietnam has been facing enormous challenges in improving its food safety and regulatory 
system. Although the country has successfully exported many food products, there are 
significant challenges regarding the safety of domestic production and consumption (FSANZ, 
2006). In recent years, the Vietnamese government has shown considerable attention to 
reducing the risks to food. This task, however, seems to be everyone’s responsibility: the food 
administration is responsible for managing food hygiene, safety, and quality; the food 
industry needs to improve practices to eliminate hazards and risks in the food supply chain; 
while consumers need to have knowledge and awareness of the food hygiene and safety 
standards to ensure they eat safe food. With the country’s population of more than 83 million 
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and about three quarters of the population living in rural areas (General Statistics Office of 
Vietnam (http://www.gso.gov.vn/), data in 2005), the country will continue to have lots of 
challenges to face with foodborne diseases.  
According to report by the Vietnamese Food Administration, Ministry of Health, there were 
141 outbreaks of foodborne disease, with 4291 cases and 50 deaths in 2005; in which 51.8 
percent of such outbreaks are due to microbiological agents (http://www.moh.gov.vn/). 
However, the true incidence of foodborne disease is not known. The Vietnamese Food 
Administration has a passive foodborne disease outbreak surveillance system that captures 
what is considered only a small percentage of foodborne disease outbreaks. It can be assumed 
that most foodborne disease outbreaks are not detected, and therefore are not reported (Phan, 
2002). The lack of skilled manpower in terms of food inspection, analytical capacity and 
surveillance, and the lack of appropriately equipped labs, limit knowledge about food safety 
of consumer etc., combined with rapid population and economic growth, urbanisation and 
globalisation of food trade, could lead to serious threats of foodborne disease for the 
Vietnamese citizens and consumers overseas. The Food Administration, with assistance from 
World Health Organization, is developing its capabilities and programmes to achieve food 
safety goals. 
 
1.1.3. Enteric and pathogenic bacteria in food 
The family Enterobacteriaceae contains genera that inhabit the intestinal tracts of humans and 
animals. These include both nonpathogenic species and pathogenic species (Farmer III et al., 
1987). Food-producing animals, including cattle, chickens, pigs, and turkeys are recognised as 
reservoirs of enteric bacteria, such as Salmonella spp., Campylobacter spp., Escherichia coli, 
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Clostridium perfringens, Listeria spp., and Yersinia spp. (Humphrey et al., 1988; Reilly et al., 
1988; Maguire et al., 1993; Swartz, 2002; Vaillant et al., 2005; Hughes et al., 2007). On the 
other hand, Vibrio spp. are commonly found in the marine, estuarine waters and their habitat. 
They can cause infection in humans through consumption of raw or improperly cooked 
contaminated seafood (Janda et al., 1988; Yam et al., 1999).  
Some countries have documented bacterial pathogens involved in causing diseases. The 
FoodNet data on the diseases caused by enteric pathogens transmitted through food from 10 
states in the United States in 2005 showed that there were 16,614 laboratory-confirmed cases 
of infections. The bacteria involved were Salmonella spp. (6,471 cases), Campylobacter spp. 
(5,655), Shigella spp. (2,078), Cryptosporidium (1,313), STEC O157 (473), Yersinia spp. 
(159), STEC non-O157 (146), Listeria spp. (135), Vibrio spp. (119), and Cyclospora (65) 
(CDC, 2006a). The Australian OzFoodNet reported 25,779 notifications of seven potentially 
foodborne diseases in 2005, these were campylobacteriosis (63.9%), salmonellosis (32.5%), 
shigellosis (2.8%), infection with shiga-toxin producing E. coli (0.3%), typhoid (0.2%), 
listeriosis (0.2%), and hemolytic uremic syndrome (0.07%) (The OzFoodNet Working Group, 
2006). On the other hand, a study about the epidemiology of foodborne outbreaks of 
infectious intestinal disease in England and Wales during the period 1992-2003 showed that 
the most important pathogens in terms of disease burden were Salmonella spp., 
Cl. perfringens, Campylobacter spp., and verocytotoxin producing E. coli (VTEC) O157 
(Hughes et al., 2007). While the most important pathogens in Europe and the United States 
have been Campylobacter spp., Salmonella spp., and E. coli, in Asian countries the most 
important pathogens are Vibrio spp., Staphylococcus spp, and Salmonella spp. In Japan, the 
individual bacteria involved in foodborne illness were Vibrio spp. (32.3%), Staphylococcus 
spp. (15.9%), Salmonella spp. (14.2%), pathogenic E. coli (3.0%), and other species (7.2%). 
In Korea, the majority of the bacterial food-borne illnesses were caused by Salmonella spp. 
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(20.7%), Vibrio spp.(17.4%), Staphylococcus spp.(9.7%), pathogenic E. coli (2.4%), and other 
species (9.1%) (Lee et al., 2001). A study on bacterial food-borne illness outbreaks in 
northern Taiwan in 1995–2001 showed that the main etiologic agents were 
Vibrio parahaemolyticus (86.0%), Staphylococcus aureus (7.6%), and Salmonella spp. (4.9%) 
(Su et al., 2005).  
 
1.1.4. Disease and symptoms caused by enteric bacteria in food 
1.1.4.1. Diseases and symptoms caused by Salmonella spp.  
1.1.4.1.1. Description of the genus Salmonella  
Salmonella spp. are Gram-negative, non-spore-forming, facultative anaerobic bacilli that 
ferment glucose and reduce nitrates. Most of them have peritrichous flagella. 
Salmonella enterica and Salmonella bongori (which is formerly subspecies V) are the two 
species currently recognised in the genus. The former has been subdivided into subspecies, 
which are designated by a Roman numeral and a name, including: I, S. enterica subsp. 
enterica; II, S. enterica subsp. salamae; IIIa: S. enterica subsp. arizonae; IIIb: S. enterica 
subsp. diarizonae; IV: S. enterica subsp. houtenae; and VI: S. enterica subsp. Indica  
(D'Aoust et al., 2001; Bopp et al., 2003). The number of Salmonella serotypes continues to 
increase and there are currently more than 2500 salmonella serotypes, most of which belong 
to subspecies I and are found in O group A, B, C1, C2, D, and E. Serotypes belonging to other 
subspecies and S. bongori are found mainly in O groups O11 (O group F) through O67 (Bopp 
et al., 2003; Yan et al., 2003).  
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 The genus Salmonella appears to be limited to the digestive tract of humans and animals. Its 
present in the environmental, food and water sources is normally from faecal contamination. 
While most serotypes have a broad host-spectrum, several serotypes have a limited to a single 
host species such as S. Typhi in human; S. Dublin in cattle; and S. Choleraesuis in pigs 
(Selander et al., 1992; Jay et al., 1997; WHO, 2005b). 
 
1.1.4.1.2. Salmonella epidemiology and transmission 
Nontyphoidal Salmonella spp. always causes a higher proportion of food-related deaths 
annually than any other bacterial pathogen in many countries (Adak et al., 2002; Kennedy et 
al., 2004; Vaillant et al., 2005; The OzFoodNet Working Group, 2006; Hughes et al., 2007). 
It is estimated that 800,000 to 4,000,000 human cases of salmonellosis occur in the US 
annually and estimated to cost of $0.5-$3.2 billion per annum (Kennedy et al., 2004; Voetsch 
et al., 2004). The worldwide incidence of non-typhoidal salmonellosis is estimated at 1.3 
billion cases and 3 million deaths annually (Tassios et al., 1997). 
Although all Salmonella are considered potentially pathogenic, the majority of human cases 
of non-typhoidal salmonellosis are caused by only a few serotypes, such as S. Enteriditis, 
S. Typhimurium, S. Anatum, S. Derby, S. Hadar, S. Rissen, S. Braenderup, S. Virchow, 
S. Javiana, Weltevreden, S. Infantis, S. Newport, S. Heidelberg etc. (Fisher, 2000; 
Bangtrakulnonth et al., 2004; Galanis et al., 2006; Poppe et al., 2006). S. Enteriditis and 
S. Typhimurium are the two most important serotypes for human salmonellosis (Czerwinrski, 
2006; Galanis et al., 2006; Lynch et al., 2006; The OzFoodNet Working Group, 2006; 
Hughes et al., 2007). These two particular strains with epidemic potential will continue to be 
the dominant serotypes worldwide in the foreseeable future (WHO, 2005b). 
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Typhoid fever is a serious systemic infectious disease caused by S. Typhi. It remains an 
important public health problem for developing countries where in poor hygiene and 
sanitation conditions (Merican, 1997; Parry et al., 2002; Tran et al., 2005). The disease is 
characterised by prolonged fever, growth of bacteria in cells of the reticuloendothelial system, 
and significant inflammation of the lymphoid organs of the small intestine (Nguyen et al., 
2004b). Unlike other Salmonella serovars, S. Typhi does not infect animals so the main source 
of human typhoid diseases is the human carrier. Consumption of food or water which is 
contaminated with S. Typhi could result in typhoid fever infections (Velema et al., 1997; 
Luby et al., 1998; Levine, 2003). The paratyphoidal strains of Salmonella, include 
S. Paratyphi A, S. Paratyphi B and S. Paratyphi C are those to cause syndrome similar to 
typhoid fever. The study on the global burden of typhoid fever reported that it caused 
21,650,974 illnesses and 216,510 deaths during 2000 and that paratyphoid fever caused 
5,412,744 illnesses and regions with high incidence of typhoid fever (>100/100,000 
cases/year) including south-central Asia and south-east Asia (Crump et al., 2004). 
Foods of animal origin such as poultry, pork, beef, egg, milk are the main sources for 
nontyphoidal Salmonella transmission (Lynch et al., 2006; Dominguez et al., 2007; Hughes et 
al., 2007). Contamination can occur at multiple steps along the food chain. Other food sources 
such as fish, shellfish, fruit, vegetables, are also sources of the organisms. In addition, 
Salmonella may be present in the soil, in fertilisers or in irrigation water (Gomez et al., 1997; 
Jay et al., 1997).  
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1.1.4.1.3. Salmonella spp. disease and treatment 
Strains of nontyphoidal Salmonella usually cause an intestinal infection with the symptoms of 
diarrhoea, vomiting, chills and headache. The associated dehydration can become severe and 
life-threatening particularly in the very young and in the elderly. Less commonly, 
nontyphoidal Salmonella can cause localised infections such as osteomyelitis or urinary tract 
infections (Hohmann, 2001; Bopp et al., 2003). Although Salmonella spp. gastroenteritis is 
generally a self-limiting illness that may require fluid and electrolyte replacement, antibiotics 
are needed in severe cases. Fluoroquinolones are the antimicrobials most widely regarded as 
optimal for the treatment of salmonellosis in adults. Third-generation cephalosporins are 
widely used in children with serious infections. The earlier drugs chloramphenicol, ampicillin 
and amoxicillin and trimethoprim-sulfamethoxazole could be used as alternatives for 
salmonellosis treatment (Hohmann, 2001; WHO, 2005b). 
 
1.1.4.2. Diseases and symptoms caused by diarrhoeagenic E. coli  
E. coli is a common flora organism in the gastrointestinal tract of humans and animals. Most 
of them are harmless; however, some are pathogenic and can cause disease. Diarrhoeagenic 
E. coli is the most commonly bacterial cause of childhood diarrhoea in Vietnam (Nguyen et 
al., 2005b; Nguyen et al., 2006). Diarrhoeagenic E. coli strains are categorised into specific 
groups based on virulence properties, mechanisms of pathogenicity, clinical syndromes, and 
distinct O:H serotypes (Meng et al., 2001). The six main categories include enteropathogenic 
E. coli (EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), 
enteroaggregative E. coli (EAEC), enterohemorrhagic E. coli (EHEC), diffuse-adhering E. 
coli (DAEC) (Nataro and Kaper, 1998a). Other diarrhoeagenic E. coli pathotypes have been 
CHAPTER 1: INTRODUCTION 
 
 
 
 
15 
proposed, such as cell detaching E. coli (CDEC) or cytolethal distending toxin (CDT)-
producing E. coli; however, their significance is not yet clear (Clarke, 2001; Abduch Fabrega 
et al., 2002). There are regional differences in the prevalence of the different diarrhoeagenic 
E. coli categories (Cravioto et al., 1988; Albert et al., 1995; Ratchtrachenchai et al., 2004; 
Nguyen et al., 2006). 
Enteropathogenic E. coli strains cause severe diarrhoea in infants. Generally, EPEC causes 
infantile diarrhoea in developing countries and sporadic diarrhoea in developed countries 
(Katouli et al., 1990; Robins-Browne et al., 2004; Salmanzadeh-Ahrabi et al., 2005).The 
major O serogroups associated with illness include O55, O86, O111, O114, O119, O125ac, 
O126, O127, O128ab and O142 (Meng et al., 2001; Trabulsi et al., 2002). Humans are known 
to be the main reservoir of EPEC infections. However, EPEC has also been isolated from a 
variety of foods (Norazah et al., 1998; Araujo et al., 2002; Carneiro et al., 2006). The 
characteristics of the symptoms are severe, prolonged, nonbloody diarrhoea, vomiting and 
fever. Most mild cases are successfully managed with oral rehydration therapy. In severe or 
persistent diarrhoea cases, administration of an antibiotic, to which EPEC strains are 
susceptible, is needed. There are other therapies options for EPEC infections such as bismuth 
subsalicylate and specific bovine anti-EPEC milk Igs (Nataro and Kaper, 1998a; Vila et al., 
1999). 
In underdeveloped countries, ETEC strains frequently cause diarrhoea in infants and in 
travelers. ETEC also has the potential to cause large foodborne outbreaks of acute 
gastroenteritis in developed countries. The examples of large outbreaks of ETEC foodborne 
infection in the United State were at a restaurant in Wiscinsin, US in 1980, resulting in 452 
cases (Taylor et al., 1982) and an outbreak in Cook County in 1998, estimated at least 3300 
persons may have developed gastroenteritis during this outbreak (Beatty et al., 2006). 
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Epidemiology studies have shown that contaminated food and water are the most common 
vehicles for ETEC infection (Merson et al., 1976; Rosenberg et al., 1977; Taylor et al., 1982; 
Wood et al., 1983; MacDonald et al., 1985; Mitsuda et al., 1998; Beatty et al., 2006). Oral 
rehydration therapy is often lifesaving in infants and children with ETEC diarrhoea. 
Administration of antibiotics such as fluoroquinolone for infected traveler’s diarrhoea can 
shorten the duration of the episode (Nataro and Kaper, 1998a). 
Enteroinvasive E. coli strains are related closely to Shigella spp. in biochemical, genetical, 
and pathogenetical aspects. The strains normally produce a watery diarrhoea, occasionally 
bloody diarrhoea occurs. The incidence of EIEC in developed countries is low, and is less 
common than ETEC or EHEC in the developing world (Nataro and Kaper, 1998a; Bopp et al., 
2003). EIEC outbreaks are usually documented as foodborne or waterborne (Marier et al., 
1973; Tulloch et al., 1973; Snyder et al., 1984; Gordillo et al., 1992). 
Enteroaggregative E. coli is defined by its distinctive aggregative pattern of adherence to 
cultured human epithelial cells (Nataro et al., 1987). EAEC represents an emerging pathogen 
that causes enteric and food-borne infectious diseases, causing acute and chronic diarrhoea 
among children, adults and HIV-infected persons (Huang and DuPont, 2004; Huang et al., 
2006). EAEC associates mainly with diarrhoea in developing countries but recent studies have 
recognized EAEC might be important agents of diarrhoea in developed countries, including 
Europe, the UK, Switzerland and Japan (Nataro and Kaper, 1998a; Nataro et al., 1998b; 
Huang et al., 2006). In 1993, a massive outbreak of diarrhoea due to EAEC occurred in Japan, 
in which 2,697 children at 16 schools became ill after consuming contaminated school 
lunches (Itoh et al., 1997). EAEC strains are the second most common cause of travelers’ 
diarrhoea after ETEC. It is transmitted by the faecal–oral route. Ingestion of contaminated 
food and water, poor hygiene are risk factors for EAEC. The illness is usually self-limiting 
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and oral rehydration therapy is sufficient. In severe cases, ciprofloxacin and rifaximin could 
be used for the EAEC illness treatment (Huang et al., 2006). 
Enterohemorrhagic E.coli (EHEC) strains have been an important cause of foodborne illness 
worldwide. EHEC belong to a number of O serogroups, but strains belonging to serogroup 
O157 are the most important in human disease (Bolton and Aird, 1998; Paton and Paton, 
1998, Karch and Bielaszewska, 2001; CDC, 2005; The OzFoodNet Working Group, 2006; 
Hughes et al., 2007; Phan et al., 2007). In some countries, such as Argentina, Australia, Chile, 
and South Africa, non-O157 EHEC may play a more important role in disease than E. coli 
O157 (Kehl, 2002). The non-O157:H7 EHEC outbreaks have been reported associated with 
serotypes: O111:NM, O104:H21, O111:H-, O118:H2, O121:H19, O111:H8 (Caprioli et al., 
1994; CDC, 1995a; CDC, 1995b; Hashimoto et al., 1999; CDC, 2000; McCarthy et al., 2001). 
The isolates included 32 different O groups. The predominant non-O157 groups received by 
CDC in 2003 were O26 (25%) and O111 (17%), followed by O103 (14%), O145 (8 %) and 
O121 (6%) (CDC, 2005). Infection with EHEC was first described in 1982 in the US (Wells 
et al., 1983). Subsequently, it has been reported from various parts of the world including 
Australia, North America, Europe, Japan, and in southern Africa (Clark et al., 1997; Michino 
et al., 1999; Olorunshola et al., 2000; Cowden et al., 2001; Koyange et al., 2004; MacDonald 
et al., 2004; Doorduyn et al., 2006; The OzFoodNet Working Group, 2006; Honish et al., 
2007). It has been observed that in developing countries, including Vietnam, EHEC is much 
less frequently isolated than other diarrhoeagenic E. coli strains, such as ETEC, EPEC or 
EAEC (Albert et al., 1995; Nataro and Kaper, 1998a; Ratchtrachenchai et al., 2004; Nguyen 
et al., 2005a; Nguyen et al., 2005b; Nguyen et al., 2006). In a study about the presence of 
EHEC in Vietnam, Nguyen et al. (2004a) found that EHEC was isolated from 4 of 400 
diarrhoeal patients (1%), but none belonged to major serogroups such as O157, O26 and 
O111. E. coli O157:H7 has not yet been isolated from diarrhoea patients in Vietnam, but it 
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has been reported for the first time from cows’ feaces by Nakasone et al. (2005). Infection 
with EHEC strains may be asymptomatic or associated with a range of symptoms from non-
bloody diarrhoea, fever and vomiting through to hemorrhagic colitis (HC), hemolytic uraemic 
syndrome (HUS), thrombotic thrombocytopenic purpura (TTP) and death (Desmarchelier and 
Grau, 1997b; Coia, 1998; Phan et al., 2007). Transmission of outbreaks frequently occurs 
through the ingestion of contaminated food such as meats in particular beef, unpasteurised 
milk or water, by person-to-person contact or by zoonotic transmission (CDC, 1995a; CDC, 
1995b; Bolton and Aird, 1998; Hashimoto et al., 1999; Clarke, 2001; Doorduyn et al., 2006; 
Hughes et al., 2007; Honish et al., 2007). There is no specific treatment for EHEC infection 
except drinking a lot of water, the use of antibiotics is not recommended.  
Diffuse-adhering E. coli (DAEC) strains show a diffuse adherent pattern on Hep-2 cells. 
Several studies have implicated DAEC as a cause of diarrhoea while other studies have not 
recovered DAEC strains more frequently from diarrhoeal patients than from asymptomatic 
controls (Nataro and Kaper, 1998a). Although there has been a dramatic increase in 
knowledge about the pathogenesis of this pathotype (Servin, 2005), little is known about its 
epidemiology and clinical profile. These strains have been associated with diarrhoea in 
children outside infancy (Levine et al., 1993a; Desmarchelier and Grau, 1997b).  
 
1.1.4.3. Diseases and symptoms caused by Vibrio spp. 
Vibrios are Gram-negative, halophilic, non-spore-forming bacteria, autochthonous inhabitants 
of the marine and estuarine environments. These strains are able to colonise the surface and 
internal organs of marine vertebrates and invertebrates (Cavallo and Stabili, 2002; Hervio-
Heath et al., 2002; Potasman et al., 2002). The genus Vibrio includes at least 30 species, and 
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the species distribution is usually dependent on the temperature, Na+ concentration, nutrient 
content of the water, and the presence of plants and animals (Donovan and Netten, 1995; 
Croci et al., 2001). Twelve Vibrio species are reported to be associated with human illness, in 
which V. parahaemolyticus and V. cholerae are well-documented causes of diarrhoea (Farmer 
III et al., 2003). The largest syndrome associated with vibrio infections is gastroenteritis, 
accounting for up to 80% of cases. Wound infections are the next most common cases, 
followed by primary septicaemia. Patients with septicaemia usually have an underlying illness 
and account for most deaths due to Vibrio spp (Levine and Griffin, 1993b; Butt et al., 2004). 
Vibrios are considered to be the major bacterial cause of identifiable illness and death from 
shellfish consumption worldwide (Abbott et al., 1989; Wittman and Flick, 1995; Powell, 
1999; Potasman et al., 2002; Tuyet et al., 2002; Yeung and Boor, 2004; CDC, 2006b). 
V. parahaemolyticus is a halophilic organism that occurs naturally in coastal and estuarine 
water throughout the world. It has been found in marine environments in higher concentration 
during warm weather periods (Kaneko and Colwell, 1973; Morris Jr and Black, 1985; Kelly 
and Stroh, 1988; DePaola et al., 1990; Ripabelli et al., 1999; Croci et al., 2001; Cavallo and 
Stabili, 2002). The minimum temperature for growth of V. parahaemolyticus in the natural 
environment is 10ºC. However, at ≤ 15ºC, growth of V. parahaemolyticus is markedly 
reduced (Kaneko and Colwell, 1973). Most clinical strains of V. parahaemolyticus produce 
major virulence factors, the thermostable direct hemolysin (TDH) and the TDH-related 
hemolysin (TRH) (Shirai et al., 1990; Okuda et al., 1997; Yeung and Boor, 2004). Since its 
first report in 1950, V. parahaemolyticus has been recognised as the gastroenteritis causative 
agent, mainly due to consumption of contaminated raw or undercooked seafood or other 
cooked foods that have been cross-contaminated by contaminated seafood (DePaola et al., 
1990; Daniels et al., 2000b; Dileep et al., 2003; CDC, 2006c).  
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The characteristics of the gastroenteritis symptoms caused by this species are nausea, 
vomiting, abdominal cramps, low-grade fever, and chills with usually watery but can 
sometimes bloody diarrhoea (Farmer III et al., 2003). Apart from causing gastroenteritidis, 
V. parahaemolyticus could cause wound infection and septicaemia but less frequently. The 
gastroenteritidis due to V. parahaemolyticus has a 15-19 hour incubation period, and lasts for 
2-3 days. The disease may be severe or prolonged, even lead to fatalities. V. parahaemolyticus 
gastroenteritis can usually be treated with hydration and supportive measures. In severe 
disease, include wound infections and septicaemia, antibiotics should be used. Appropriate 
antibiotics include tetracycline, fluoroquinolones, third generation cephalosporins, and 
aminoglycosides (Butt et al., 2004).  
V. parahaemolyticus is an important diarrhoeal agent in Japan, causing 50-70% cases of 
foodborne enteritis (Farmer III et al., 2003). It was at the top of etiologic agents causing 
foodborne diseases in Taiwan (Su et al., 2005) and the leading cause of vibrio-associated 
gastroenteritis in the United States (CDC, 2006a; CDC, 2006c). Since 1996, a pandemic 
spread of infections by clone O3:K6 has been observed in Asian countries: Japan, India, 
Bangladesh, Taiwan, Laos, Thailand, Korea, Vietnam, and in the United States and in Chile 
(Daniels et al., 2000a; Matsumoto et al., 2000; Chowdhury et al., 2004; Gonzalez-Escalona et 
al., 2005). A recent large V. parahaemolyticus outbreak occurred during summer of 2005 in 
Chile, affecting over 10,000 people of whom one died and the predominant serotype was the 
pandemic O3:K6 strain (Heitmann et al., 2005). This pandemic serovar was also recently 
detected spreading to other part of the world: sub-Saharan Africa (Mozambique), Europe 
(Spain), North America (Mexico), indicating worldwide public health threat of this virulent 
serotype.  
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Unlike other vibrios, V. cholerae can grow without the addition of salt (Butt et al., 2004). 
They are present worldwide in fresh, estuarine and coastal waters but do not grow at 10ºC or 
below (Kaneko and Colwell, 1973; Donovan and Netten, 1995). The V. cholerae group 
contains more than 70 serotypes that are classified on the basis of the somatic (O) antigen. It 
is divided into 3 major subgroups: V. cholera O1, V. cholera O139 and V. cholera non-O1, 
non-O139, in which V. cholera serotype O1 is the best known as the cause of epidemic 
cholera. Other serotypes are infrequently associated with large epidemics and are classified as 
non-epidemic or non-O1 and non O139 serotypes (Farmer III et al., 2003; Butt et al., 2004). 
V. cholera serogroup O1 is responsible for seven pandemics of cholera (1816 to1823, 1829 to 
1837, 1852 to 1860, 1863 to 1875, 1881 to 1896, 1889 to 1923 and 1961 to the present) 
(Karaolis et al., 1994).  
Until 1992, only V. cholerae serogroup O1 caused epidemic cholera, and some other 
serogroups of V. cholerae could cause sporadic cases of diarrhoea. However, late that year, 
there appeared an epidemic of cholera due to a new serogroup, O139 in India and Bangladesh 
(Ramamurthy et al., 1993; Shimada et al., 1993; ). This V. cholerae serogroup has been 
reported to cause severe disease and has been reported from 11 countries in South-East Asia 
(WHO, 2000a). Other serotypes, that are non-O1/non-O139 serotypes of V. cholerae are 
increasingly being recognised as important causes of diarrhoea (Dalsgaard et al., 1995a; 
Dalsgaard et al., 1995b; Mukhopadhyay et al., 1996; Sharma et al., 1998; Dalsgaard et al., 
1999a). In Vietnam, cholera has been an important cause of diarrhoea for more than a century. 
There were two million cases reported in 1850, and in 1885 an outbreak of cholera was 
associated with mortality rates of up to 50% among French soldiers. In the period 1910 to 
1930, between 5,000 to 30,000 cholera cases were reported annually. After the emergence of 
the seventh pandemic in 1961, V. cholerae O1 entered South Vietnam in 1964 with a total of 
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20,009 cases and 821 deaths and V. cholerae continues to be an important cause of diarrhoea 
in Vietnam (Dalsgaard et al., 1999b).  
Cholera is caused by infection of the small intestine by Vibrio cholerae O1 and O139, and is 
characterised by massive acute diarrhoea, vomiting, and dehydration. Other symptoms include 
hypotension, nausea, and sometimes fever. The amount of fluid loss can be up to one or more 
liter of per hour, resulting in severe dehydration and circulatory collapse if untreated, and 
death can occur (Desmarchelier, 1997a; Farmer III et al., 2003). Gastroenteritis associated 
with V.  cholera non O1/non-O139 serogroup is nonbloody and occasionally bloody diarrhoea 
with nausea, vomiting, and abdominal cramping (Oliver and Kaper, 2001). In the treatment of 
cholera, replacing fluid and electrolytes is essential. Antibiotics such as tetracycline, 
cotrimoxazole, erythromycin, doxycycline, chloramphenicol and furazolidone are useful 
adjuncts in treatment of severe cases (WHO, 2000a). Cholera is transmitted from 
contaminated water and food, direct person-to-person contact is rare (Guthmann, 1995; Kam 
et al., 1995; Kaper et al., 1995; Rabbani and Greenough III, 1999; Oliver and Kaper, 2001). 
Cholera is occasionally acquired from consumption of inadequately cooked crustaceans or 
molluscan shellfish in many countries (Weber et al., 1994; Kam et al., 1995; Rabbani and 
Greenough III, 1999; CDC, 2006c). 
 
1.2. Virulence genes in foodborne bacteria 
1.2.1. The virulence genes invA and spv in Salmonella spp. 
Salmonella spp. are facultative intracellular pathogens which cause a variety of infectious 
disease. The processes of invading, surviving, multiplying within diverse eukaryotic cell types 
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is essential for their virulence in their specific host (Finlay and Falkow, 1989). In the early 
step of infection, Salmonella invade the cells through intestinal epithelial to reach deeper 
tissues without causing major damage to the intestinal mucosa (Galan and Curtiss III, 1989). 
Invasion of intestinal epithelial cells is known to be an essential pathogenic mechanism of 
most Salmonella. The Salmonella spp. invasion gene invA is the initial gene of the inv operon 
which allows the bacteria to invade the cells (Galan and Curtiss III, 1989; Galan and Curtiss 
III, 1991). It has been observed that invA mutant strains of S. Typhimurium had reduced 
virulence when administered orally to mice, probably due to their limitation in gaining access 
to the intestinal epithelium (Galan and Curtiss III, 1989). This is consistent with the 
observation that mutations within inv operon make Salmonella incapable of invading culture 
cells of Madin darby canine kidney (MDCK) (Swamy et al., 1996). The invA gene contains 
sequences unique to Salmonella spp. but it has been detected in a variety of Salmonella 
serotypes (Galan and Curtiss III, 1991; Rahn et al., 1992; Swamy et al., 1996; Dinjus et al., 
1998; Bolton et al., 1999; Abouzeed et al., 2000; Hudson et al., 2000; Olah et al., 2005).  
On the other hand, the virulence plasmid of Salmonella spp. is essential for bacteria to survive 
and grow in host cells (Finlay and Falkow, 1989; Gulig and Doyle, 1993b). The Salmonella 
virulence plasmids of different serotypes vary in size, which range from 50 kb to 285 kb 
(Nakamura et al., 1985; Barrow and Lovell, 1988; Beninger et al., 1988; Gulig and Curtiss 
III, 1988; Ou et al., 1990; Akiba et al., 1999; Chu et al., 1999; Guerra et al., 2002). However, 
all contain a highly conserved 8 kb region, which contain the spv locus that encodes the spvR 
regulatory gene and 4 structural spvABCD genes (Williamson et al., 1988; Guiney et al., 
1995). The spv operon has a function in the full expression of virulence of the organism 
(Barrow and Lovell, 1989; Ou and Baron, 1991; Guiney et al., 1995). Moreover, Matsui et al. 
(2001) demonstrated that spvB and spvC genes in the virulence plasmid of S. Typhimurium 
are sufficient to replace the entire plasmid to confer plasmid-mediated virulence of this strain. 
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Virulence plasmids of nontyphoidal serotypes are associated with systemic infection in both 
humans and animals (Jones et al., 1982; Terakado et al., 1983; Gulig and Curtiss III, 1987; 
Barrow and Lovell, 1988; Danbara et al., 1992; Fierer et al., 1992; Wallis et al., 1995; Libby 
et al., 1997; Rotger and Casadesus, 1999; Bakshi et al., 2003). Among more than 2500 
Salmonella serotypes, the virulence plasmid was detected in only a small number of 
serotypes, including S. Abortusovis, S. Abortusequi, S. Choleraesuis, S. Dublin, S. Enteritidis, 
S. Gallinarum-Pullorum, S. Typimurium, S. Sendai and S. Paratyphi C (Chiu and Ou, 1996; 
Rotger and Casadesus, 1999; Chu and Chiu, 2006). The virulence plasmid appears to be 
specific to its host, such as the pSEV plasmid with 60 kb in size in S. Enteritisis, pSDV of 80 
kb in S. Dublin, 86-kb pSPV of S. Gallinarum-Pullorum, and 95-kb pSTV plasmid in 
S. Typhimurium and S. Abortusequi (Chu et al., 1999; Chu and Chiu, 2006). 
 
1.2.2. The virulence genes in E. coli  
Most E. coli are normal components of the intestinal flora, but certain pathogenic strains carry 
virulence genes enabling intestinal colonising and inducing either intestinal or extra-intestinal 
disease (Orskov and Orskov, 1992; Schroeder et al., 2004). The most frequent clinical 
syndromes caused by a number of pathogenic clones of E. coli are urinary tract infections, 
bacteremia, meningitis and diarrhoeal disease (Bopp et al., 2003; Dobrindt, 2005; Germon et 
al., 2005). In contrast to diarrhoeagenic E.coli, extraintestinal pathogenic E. coli (ExPEC) 
strains are incapable of causing enteric disease but responsible for most extraintestinal 
infections. The infections are caused by three pathotypes: (i) urpathogenic (UPEC) strains that 
cause urinary tract infections in humans, dogs and cats (ii) strains involved in neonatal 
meningitis (NMEC) and (iii) strains that cause septicemia in humans and animals (Kuhnert et 
al., 2000; Russo and Johnson, 2000; Johnson and Russo, 2002; Bekal et al., 2003).  
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There are a variety of virulence factors which are involved in pathogenic mechanisms of 
E. coli including adhesins, host cell surface modifying factors, invasins, toxins, and secretion 
systems which export and direct toxins and other virulence factors to target host cells 
(Kuhnert et al., 2000; Bekal et al., 2003). In addition, the associations of certain virulence 
gene reflect the existence of different pathotypes (Dobrindt, 2005). However, some virulence 
genes are not restricted to one pathotype such as the gene encoding for EAST1 toxin was first 
described in EAEC strains, it has now been detected in ETEC, EPEC, and STEC strains 
(Yamamoto and Echverria, 1996; Nataro and Kaper, 1998a; Noamani et al., 2003; Vu-Khac et 
al., 2006; Choi et al., 2001). It seems that the degree of pathogenicity or the expression of 
virulence depends on the combination of virulence genes each strain harbours. In STEC 
strains, the presence of stx1 and stx2 alone may not be sufficient to cause disease, and the 
presence of other virulence genes such as eaeA (intimin, responsible for attachment-
effacement lesions), ehxA (enterohaemolysin) or saa (STEC autoagglutinating adhesin) might 
contribute to the virulence for humans (Gannon et al., 1993; Bauer and Welch, 1996; Pierard 
et al., 1997; Paton and Paton, 1998; Boerlin et al., 1999).  
Based on the virulence genes associated with each pathotypes, polymerase chain reaction-
based assays were developed to detect the presence of different categories of diarrhoeagenic 
E. coli pathotypes (Nataro and Kaper, 1998a; Kuhnert et al., 2000). In addition, the presence 
of ExPEC has also been detected by PCR based on its defined ExPEC-associated traits 
(Johnson et al., 2003a). Table 1.1 presents the target genes used to detect different E. coli 
pathotypes. The use of PCR for the detection of virulence genes and for assessment of the 
pathogenic potential of E. coli strains has been found to be a valuable and sensitive method 
for identification of virulence markers in an E. coli population (Osek et al., 1999; Ewers et al., 
2005; Chapman et al., 2006; Cheng et al., 2006). 
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Table 1.1: PCR used for detecting different E. coli pathotypes 
E. coli 
pathotype 
Target 
genes 
Criteria for determination of E. coli 
pathotype 
Reference 
EPEC bfpA bfpA and eaeA PCR-positive for typical 
EPEC, only eaeA PCR-positive for 
atypical EPEC 
Rich et al., 2001; 
Nguyen et al., 2005b 
 
 eaeA   
ETEC eltB eltB and/or estA PCR-positive Nguyen et al., 2005b 
 estA   
ETEC LT LT- and/or STa-PCR-positive 
 
Tornieporth et al., 1995; 
Yavzori et al., 1998; 
Rich et al., 2001 
 ST   
EIEC ial ial PCR-positive 
 
Tornieporth et al., 1995; 
Rich et al., 2001; 
Nguyen et al., 2005b 
EAEC pCVD pCVD PCR-positive Nguyen et al., 2005b 
EHEC stx1 stx1 and/or stx2 PCR-positive. The 
additional eaeA PCR-positive for 
typical EHEC strain. 
Rich et al., 2001; 
Nguyen et al., 2005b 
 
 stx2   
 eaeA   
ExPEC papA 
and/or 
papC 
At least 2 markers have PCR-positive: 
papA and/or papC, afa/dra, sfa/foc, 
iutA, kpsMT II 
Johnson et al., 2003a 
 afa/dra   
 sfa/foc   
 iutA   
 kpsMT II   
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Studies worldwide have reported virulence genes in E. coli isolated from raw meats and 
poultry. Most of the studies were based in industrialised countries, with most studies 
concentrating on STEC pathotype (Guth et al., 2003; Conedera et al., 2004; Carney et al., 
2006; Samadpour et al., 2006) and some on ETEC pathotype (Rasrinaul et al., 1988; Olsvik et 
al., 1991). STEC isolates have been reported to be present in beef (Pierard et al., 1997; Parma 
et al., 2000; Kumar et al., 2001; Guth et al., 2003; Blanco et al., 2004; Conedera et al., 2004; 
Barlow et al., 2006; Carney et al., 2006; Samadpour et al., 2006). The presence of extra-
intestinal pathogenic E. coli (ExPEC) from retail meat and poultry has been reported (Johnson 
et al., 2003a; Johnson et al., 2005b). 
 
1.3. Antibiotic resistance as a major problem in bacteria isolates 
from food 
1.3.1. Antibiotics 
Antimicrobials are drugs that either kill or suppress microscopic organisms such as bacteria, 
viruses and parasites. Antibiotics are the sub-group of antimicrobial drugs that act against 
bacteria. The terms antimicrobial resistance and antibiotic resistance are used interchangeably 
in this thesis.  
Following the introduction of penicillin into human therapeutics in the 1940s, soon thereafter, 
antibiotics were not only used to treat human infection diseases but also used in veterinary, 
animal and plant agriculture and aquaculture, both used and misused (overuse and 
inappropriate use) (Barbosa and Levy, 2000). Approved use of antimicrobial drugs continues 
to expand each year, literally hundreds of them have been developed or synthesised (Yao and 
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Moellering Jr, 2003). Each antibiotic operates at a specific site within the bacterial cell such 
as some target the cell walls (e.g., beta-lactam antibiotics, bacitracin, vancomycin), whereas 
others target cell membranes (e.g., ionophores and polymyxins), ribosome (e.g., 
aminoglycosides, chloramphenicol and tetracycline), RNA (e.g., rifamycins), DNA (e.g., 
nalidixic acid and quinolones) or particular biochemical pathways such as folate synthesis 
(e.g., diaminopyrimidines and sulfonamides) (O’Grady et al., 1997; Prescott, 2000a; Yao and 
Moellering Jr, 2003; Bryskier, 2005).  
 
1.3.2. The use of antibiotics in food animals 
1.3.2.1. The use of antibiotics in food animal worldwide 
The collection of reliable data on antimicrobial use in animals for different purposes, 
including therapy and growth promotion, routine of administration and duration of treatment 
are benefits for examining the association between antimicrobial consumption and the 
occurrence of resistance. This allows advice to be given to veterinarians and farmers about 
prudent use of antimicrobials. However, only a few countries have this detailed information, 
although some European countries have established veterinary databases that come close 
(McEwen and Fedorka-Cray, 2002). For example, Denmark implemented the VETSTAT 
program in 2000 to optimise antimicrobial usage in production animals while minimising 
resistance by monitoring the national consumption of antimicrobials on all food animals as 
well as in companion animals on a monthly basis.  
Currently, only half of all antibiotics produced are used for human consumption. The other 
50% are used as veterinary therapeutics, as growth promoters in livestock, and to rid 
cultivated foodstuffs of various destructive organisms (WHO, 2000b). There are a variety of 
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antibiotics which are being used both in human and veterinary medicine such as penicillins, 
cephalosporins, tetracyclines, chloramphenicol, aminoglycosides, spectinomycin, 
lincosamides, macrolides, nitrofurans, nitroimidazoles, sulfonamides, trimethoprim-
sulfonamide combinations, polymyxin, and quinolones. The use of these antibiotics, may vary 
according to the law in different countries (Teuber, 2001) 
A survey of the members of the Animal Health Institute, Washington DC showed that 17.8 
million pounds of antimicrobials were used in animal production in 1998, in which 83% was 
used for the prevention and treatment of disease, and 17% were used for growth promotion 
(McEwen and Fedorka-Cray, 2002). In Kenya, in a period from 1995 to 1999, the estimated 
amount of antimicrobial consumption per year was 14,594 kg, in which percentage of each 
antibiotics were: tetracycline 54.65%, sulfonamide 21.27%, aminoglycosides 6.56%, beta-
lactam 6.20%, quinolone 0.64%, macrolides 0.24% and tiamulin 0.16%. The purposes of the 
use were 90.30% for therapeutic purpose, 0.03% for prophylactic purpose and 9.67% used for 
the both purposes. These data reveal that antimicrobials were not used for growth promotion 
in Kenya (Mitema et al., 2001).  
In Europe, due to consumer and political opinion, and scientific concern that resistance 
selected in animals might be transmitted to humans to the detriment of their health, the 
European Union banned avoparcin in 1997 and bacitracin, spiramycin, tylosin and 
virginiamycin in 1999 for growth promotion (Casewell et al., 2002). The huge drop in the use 
of growth-promoting antibiotics in EU is in part due to the ban, such as in Denmark, over 105 
metric tones of antibiotics were used for growth promotion in 1996, the usage fell to nil by 
2000. However, the usage in veterinary therapeutic of clinically important drugs, such as 
tetracycline, aminoglycosides, trimethoprim/sulphonamide, macrolides and lincosamides has 
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increased (Casewell et al., 2003). On January 1, 2006, the European Union banned the 
feeding of all antibiotics and related drugs to livestock for growth promotion purposes. 
 
1.3.2.2. The use of antibiotics in food animals in Vietnam 
In Vietnam, as in most other developing countries, antibiotics are available “over the counter” 
and the control of antibiotic use is insufficient and the understanding in the community of 
prudent use of antibiotics is limited (Larsson et al., 2000; Larsson, 2003; Van Nhiem et al., 
2006). Moreover, data on consumption of antibiotics are limited in this country. There are 
more than 3000 antibiotic-containing veterinary medical products registered, in which 257 of 
them contain tetracycline (Van Nhiem et al., 2006). Studies on the use of antibiotics in animal 
farming in Vietnam showed that farmers normally use antibiotics to treat sick animal with 
higher dose and using their own experience without veterinary prescription, supervision and 
laboratory diagnosis (Nguyen, 2004c; Van Nhiem et al., 2006). These studies suggest that the 
inappropriate use of antibiotics in animal farming in Vietnam could occur.  
 
1.3.3. The development of antibiotic resistance due to the use of antibiotic in 
food animals 
The prevalence of antimicrobial resistance among foodborne pathogens has increased during 
recent decades (Boonmar et al., 1998; Glynn et al., 1998; Davis et al., 1999; Garau et al., 
1999; Threlfall et al., 2000; McDonald et al., 2001; Chiu et al., 2002). This increase has been 
judged to be mainly the result of selection pressure created by antimicrobials used in the feeds 
of food-producing animals (Aarestrup, 1999; Angulo et al., 2000; van den Bogaard and 
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Stobberingh, 2000; Teuber, 2001; Bywater, 2004). The lower fluoroquinolone resistance rates 
in bacteria isolated from animals in countries which have reduced or no use of 
fluoroquinolones in food-producing animals (Meng et al., 1998; Klein and Bulte, 2003; 
Schroeder et al., 2003; Wilson, 2004; Chen et al., 2004a; Boerlin et al., 2005), imply that 
there is a relationship between antibiotic use in food animals and drug-resistant strains.  
There is considerable evidence that antimicrobial use in animals selects for resistance in 
commensals and in zoonotic enteropathogens (Dawson et al., 1984; Endtz et al., 1991; 
Dunlop et al., 1998; Engberg et al., 2001; Gebreyes and Altier, 2002). The co-existence of 
resistance genes on mobile elements such as plasmids, transposons and integrons facilitates 
the rapid spread of antibiotic resistance genes as selection for one resistance trait may lead to 
co-selection of other resistance genes eventhough they have not been exposed to the 
antimicrobial (Sunde and Nordstrom, 2006). In addition, the coexistence of enteric bacteria in 
the intestinal tract of animals and humans facilitates the transfer of antibiotic resistance genes 
between and across species, among commensal and pathogenic bacteria. The emergence of 
antibiotic-resistant bacteria transmitted from an animal reservoir to humans in relation to the 
use of antimicrobials in food animals has been demonstrated (Cohen and Tauxe, 1986; Witte, 
1998; Aarestrup, 1999; Chiu et al., 2002; White et al., 2002). In addition, the molecular 
analysis of antibiotic resistance genes, and antibiotic resistance mobile elements (plasmids 
and transposons) has demonstrated that identical elements are found in animals and humans 
(Levy et al., 1976; O’Brien et al., 1982; Teuber, 2001). These underline the role of 
antimicrobial usage in food animals in the selection of bacterial resistance and the transport of 
these resistances via the food chain to humans. Figure 1.1 shows the possible selection and 
transmission of antibiotic resistant bacteria due to the use of antibiotics in agriculture. 
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Figure 1.1: The possible routes of transmission of antibiotic resistant bacteria from farm 
(Modified from Khachatourians, 1998). 
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The development of resistance in pathogenic bacteria is the greatest threat when using 
antimicrobial agents for therapy of bacterial infections for human. Unfortunately, the 
antimicrobial agents currently used to treat or prevent bacterial infections in animals are 
essentially the same classes of compounds that are used in human medicine (Schwarz et al., 
2001b), therefore antimicrobial resistance is a major concern in both human and veterinary 
medicine. The World Health Organization (WHO), the Food and Agriculture Organization 
(FAO) and the World Organization for Animal Health (OIE) have developed guidelines for 
the prudent use of antimicrobials in treatment of human illnesses and animal production, 
which task forces will carry forward to ensure food safety (WHO, 2005a). As antibiotic 
resistant organisms of animal origin can cause serious human illness or even death in some 
cases have been reported (Holmberg et al., 1984; Molbak 1999), it is important to minimise 
the opportunity for organisms to develop resistance, consequently it would be best if use of 
antibiotics in animal husbandry  is strongly regulated. 
 
1.4. Genetics of antibiotic resistance in bacteria 
1.4.1. Mechanisms of resistance 
Resistance to antimicrobial agents in bacteria is mediated by several mechanisms, which can 
be classified into three major categories: inactivation of the compound by detoxifying 
enzymes (e.g. beta-lactamases, chloramphenicol acetyltransferase), reduced cell permeability 
or expulsion of the drug by specific or non-specific pumps (e.g., AcrAB-TolC), and 
modification of the antibiotic targets (e.g. through mutation of key binding elements such as 
ribosomal RNA) (Barbosa and Levy, 2000; Hogan and Kolter, 2002; Wright, 2005).  
CHAPTER 1: INTRODUCTION 
 
 
 
 
34 
Resistance to antimicrobial agents of bacteria can be intrinsic or acquired. Some bacteria are 
naturally resistant to certain types of antibiotics, such as the resistance of anaerobes to 
aminoglycosides. Acquired resistance can occur in two general ways: by mutations in the 
existing DNA of the organism or by acquisition of new DNA from another bacterium (Murray 
and Hodel-Christian, 1991; Davies, 1997; Barbosa and Levy, 2000; Hogan and Kolter, 2002).  
Spontaneous mutations are an ongoing occurrence within bacterial DNA at low frequency, at 
the rates of one per million to one per billion cells (Khachatourians, 1998; Waters, 1999). 
Mutation plays a central role in the evolution of antibiotic resistance in bacteria by modifying 
existing resistance determinants or altering drug targets with reduced affinity for antibiotics 
(Chopra et al., 2003). It is a common resistance mechanism of many synthetic antibiotics, 
such as the fluoroquinolones and oxazolidinones (Woodford and Ellington, 2007). 
The acquisition of new DNA from another bacterium contributes mainly to the rapid spread of 
antimicrobial resistance genes between bacteria of the same species, crossing species and 
Gram barriers (Courvalin, 1994; Dutta and Pan, 2002). Among them, plasmids, transposons 
and integrons play a major role (Fluit and Schmitz, 1999; Schwarz et al., 2001b).  
 
1.4.2. Elements involved in horizontal transfer of resistance genes  
Dissemination of resistance is mediated by clonal spread of a particular resistant strain and/or 
by spreading of resistance genes. Mobile elements, including plasmids, transposons and 
integrons are known to be involved in spreading of resistance genes (Sefton, 2002). They all 
consist of double-stranded DNA, but differ distinctly in their sizes, structures, biological 
properties and mechanisms of spread (Schwarz and Chaslus-Dancla, 2001a).  
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Plasmids have replication systems and are capable of autonomous replication. Large plasmids 
can carry the transfer gene (tra gene) which enable them to move from one host cell to 
another by themselves, termed conjugative plasmids (Schwarz and Chaslus-Dancla, 2001a). 
The conjugative plasmids can mobilise others in trans smaller, non-conjugative plasmids 
(O’Grady et al., 1997; Carattoli, 2003). Plasmid conjugation can occur at high frequency, 
capability of co-transfer of several resistance genes and can occur between bacterial species 
and between different species. Therefore the transfer of conjugative plasmids is considered to 
be the most common mechanism for genetic exchange (Carattoli, 2003; Rice et al., 2003). In 
addition, plasmids may intergrate themselves into the chromosome of recipient strains, thus 
resistance determinants can be stably maintained in their hosts even in the absence of 
selective pressure (Waters, 1999; Rice et al., 2003). Plasmid-mediated mechanisms confer 
resistance to a variety of classes of clinically important antimicrobials, such as β-lactams, 
aminoglycosides, macrolides, tetracyclines, amphenicols, sulphonamides and trimethoprim 
(Normark and Normark, 2002; Yan et al., 2004; Li, 2005a). Recently, there has been the 
emerge of plasmid-mediated resistance to expanded-spectrum cephalosporins encoded by the 
CMY-2 AmpC beta-lactamase in human and animal strains of E. coli and Salmonella spp. 
(Fey et al., 2000; Winokur et al., 2001; Zhao et al., 2001c; Miriagou et al., 2002; Rankin et 
al., 2002; Yan et al., 2004; Batchelor et al., 2005; Donaldson et al., 2006; Hopkins et al., 
2006). The worldwide spread of plasmid-mediated quinolone resistance in 
Enterobacteriaceae (Wang et al., 2003; Mammeri et al., 2005; Nordmann and Poirel, 2005; 
Gay et al., 2006; Robicsek et al., 2006; Rodriguez-Martinez et al., 2006; Castanheira et al., 
2007) also highlights the significance of emerging plasmid-mediated mechanisms.  
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In contrast to plasmids, transposons do not possess replication systems. They must insert 
themselves into replication-proficient vector molecules such as chromosomal DNA or 
plasmids in the cell for their stable maintenance (Schwarz and Chaslus-Dancla, 2001a). 
Transposons can encode genes for resistance to a variety of antibiotics and may have self-
transfer and mobilising capabilities, thus playing a role in disseminating antibiotic resistance 
among bacteria (Scott and Churchward, 1995; O’Grady et al., 1997; Waters, 1999; Prescott, 
2000b). 
Integrons are genetic elements, which are unable to move themselves, but contain gene 
cassettes that can be mobilised by site-specific recombination mechanisms (Hall and Collis, 
1995; Recchia and Hall, 1995; Fluit and Schmitz, 1999; Rowe-Magnus and Mazel, 2002). 
They are frequently found within transposons, plasmids, and may also be found in bacterial 
chromosomes (O’Brien, 2002). An integron contains an integrase and an adjacent 
recombination site. Gene cassettes can be integrated by the integrase at the recombination site, 
and multiple gene cassettes can be present in one integron (Hall and Stokes, 1993; Hall and 
Collis, 1995; Hall, 1997; Tribuddharat and Fennewald, 1999). Gene cassettes are small 
mobile elements of less than 2 kb and they differ from plasmids by the lack of replication 
systems, and from transposons by the lack of transposition systems (Schwarz and Chaslus-
Dancla, 2001a). The gene cassettes include a gene coding region and, at the 3' end of the 
gene, there is a short imperfect inverted repeat element called the 59-base element which 
functions as a recognition site by the DNA integrase. The inserted genes are expressed from a 
promoter in the conserved sequences located 5' to the genes (Hall et al., 1991; Hall and 
Stokes, 1993). The general structure of integrons is shown in Figure 1.2.  
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Figure 1.2: General structures of integrons. 
P1, P2, P are promoters. The sequence GTTRRRY is the integron’s crossover point for 
integration of gene cassettes. One inserted cassette is shown, and the black bar is its 
associated 59-base element. (Adapted from Levesque et al., 1995) 
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There are four classes of integrons known to be associated with resistance gene cassettes. 
Class 1 integrons are the most widely disseminated of the four classes from both the clinical 
and normal flora among the members of the family Enterobacteriaceae. (Hall, 1997; 
Levesque et al., 1995; Martinez-Freijo et al., 1999; Dalsgaard et al., 2000a; Dalsgaard et al., 
2000b; Fluit et al., 2001; Goldstein et al., 2001; Zhao et al., 2003a; White et al., 2003). There 
are more than 100 genes cassettes reported nowadays, which confer resistance to beta-
lactams, aminoglycosides, trimethoprim, chloramphenicol, streptomycin, streptothricin, 
rifampin, erythromycin, quaternary ammonium, quinolone and others (Mazel and Davies, 
1999; Fluit and Schmitz, 2004). The same class 1 integron types in hospitalised patients, 
humans in the community, meat, and slaughter animals isolates have been reported worldwide 
(Chang et al., 2000; Guerra et al., 2000; Morabito et al., 2002; Guerra et al., 2003; Saenz et 
al., 2004; Box et al., 2005; Kang et al., 2005a; Khan et al., 2006; Srinivasan et al., 2007), 
demonstrating that antibiotic resistance genes are exchanged between different reservoirs of 
both human and animal origin via the food chain (Box et al., 2005). In addition, class 1 
integrons have been detected in Vietnamese and Lao S. Typhi isolates (Ploy et al., 2003) and 
plasmid-located class 1 integrons, which contain up to eight different antibiotic resistance 
cassettes, have been found in E. coli multi-drug-resistant clinical isolates (Naas et al., 2001), 
further demonstrating the important role that integrons may play in gene acquisition of 
pathogenic bacteria. 
 
1.4.3. Gene transfer mechanisms 
Strains carrying chromosomally encoded resistances spread clonally. On the other hand, 
resistances on mobile elements can be either inherited clonally or can be disseminated 
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horizontally from strain to strain by gene transfer mechanisms. These can be classified as 
transduction, which is mediated by bacteriophage, or via transformation of free DNA, or 
conjugation of plasmids and conjugative transposons (Barbosa and Levy, 2000; Schwarz and 
Chaslus-Dancla, 2001a; Berger-Bachi and McCallum, 2006). 
Transducing phage lysates carry some phages that have packaged bacterial DNA and 
plasmids of the donor; these elements will be then transduced into susceptible recipients 
(Berger-Bachi and McCallum, 2006). It is thought that the importance in spread of resistance 
genes via the transduction mechanism is underestimated (Sander and Schmieger, 2001;  
Brabban et al., 2005). Both chromosomal or plasmid DNA of donors can be transduced 
(Orbach and Jackson, 1982; Garzon et al., 1995; Mann and Slauch, 1997; Schicklmaier et al., 
1998; Schwarz and Chaslus-Dancla, 2001a). In addition, transducing phages have been 
detected in a wide variety of bacteria (Kokjohn, 1989; Schmieger and Schicklmaier, 1999; 
Rabsch et al., 2002; Brabban et al., 2005). A study by Schmieger and Schicklmaier (1999) 
demonstrated that antibiotic resistance genes of Salmonella enterica serovar Typhimurium 
definitive phage type 104 (DT104) strain can be efficiently transduced by P22-like phage 
ES18 and by phage PDT17, which are usually released by DT104 strains. The transfer of 
antibiotic resistance determinants by transduction has been demonstrated in vitro and 
therefore has the potential to occur in vivo (Schicklmaier et al., 1998; Schmieger and 
Schicklmaier, 1999; Mmolawa et al., 2002). However, the limitation of transduction is that 
bacteriophages are highly specific to their bacterial hosts (Brabban et al., 2005; Berger-Bachi 
and McCallum, 2006). Transduction is considered to play a major role in resistance transfer of 
Staphylococci clinical strains which most of them harbor several lysogenic phages and 
constantly produce phage particles (Berger-Bachi and McCallum, 2006). 
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In the transformation process, bacteria take up DNA from the environment or from other 
commensal species and integrate it into their genome (Berger-Bachi and McCallum 2006). 
Transformation is considered to play a minor role under in vivo conditions as free DNA 
originating from lysed bacteria is usually degraded rapidly under most environmental 
conditions (Schwarz et al., 2001b). Few bacteria exhibit a natural ability to take up DNA from 
their environment such as Streptococcus pneumoniae, Bacillus spp., pneumococci, 
Haemophilus, and Neisseria (Schwarz and Chaslus-Dancla, 2001a; Berger-Bachi and 
McCallum, 2006).  
Conjugation is the most frequently recognised mechanism for horizontal gene transfer of 
resistance genes between bacteria of different species and genera (Courvalin, 1994; Schwarz 
and Chaslus-Dancla, 2001a). It is likely to be the major means of genetic information 
exchange in the natural environment and in the intestinal tracts of humans and animals (Jarrett 
and Stephens, 1990; Salyers, 1993; Yin and Stotzky, 1997). To facilitate conjugation steps, 
cell-to-cell contact is made between donor and recipient cell, followed by the transfer of DNA 
from the donor to the recipient (Murray and Hodel-Christian, 1991). Conjugation can also 
mobilize the resident chromosome and nonconjugative plasmids (Schwarz and Chaslus-
Dancla, 2001a; Berger-Bachi and McCallum, 2006). Both Gram-positive and Gram-negative 
bacteria have been reported to contain conjugative plasmids and transposons which carry one 
or more antibiotic resistance genes (Salyers et al., 1995; Catry et al., 2003; Grohmann et al., 
2003).  
1.4.4. Salmonella genomic island I (SGI1) 
Since emerging during the 1980s, multidrug resistant Salmonella enterica serovar 
Typhimurium definitive phage type 104 (MDR DT104) has been a global health problem 
because it is involved in animal and human diseases (Glynn et al., 1998; Imberechts et al., 
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1998; Ridley and Threlfall, 1998; Molbak et al., 1999; Ng et al., 1999; Baggesen et al., 2000; 
Kivi et al., 2005; Dechet et al., 2006). MDR DT104 is commonly resistant to ampicillin, 
chloramphenicol/florfenicol, streptomycin/spectinomycin, sulfonamides and tetracycline. The 
antibiotic resistance genes are clustered in a 13 kb segment within a 43-kb genomic island 
which is called Salmonella genomic island I (SGI1) (Boyd et al., 2000; Boyd et al., 2001). All 
resistance genes are bracketed by two integron structures: one containing the aadA2 gene, 
which confers resistance to streptomycin and spectinomycin and a truncated sul1 (sul1delta 
gene), the other containing the pse-1 gene, which confers resistance to ampicillin and a 
complete sul1 gene responsible for resistance to sulfonamides. Flanked by these two integron 
structures are the floR gene (chloramphenicon/florfenicol resistance gene) and the 
tetracycline-resistance genes tetR and tetA(G) genes (Doublet et al., 2003; Levings et al., 
2005a). SGI1 is located between the thdf and int2 genes and the latter is part of a retron which 
has been detected only in serovar Typhimurium. Downstream of the retron sequence is the 
yidY gene, which is also found in chromosomes of other S. enterica serovars (Boyd et al., 
2001; Boyd et al., 2002; Doublet et al., 2003; Ebner et al., 2004 ; Levings et al., 2005a). 
Figure 1.3 shows the genetic organization of the antibiotic resistance gene cluster of SGI1.  
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Figure 1.3: Genetic organization of the antibiotic resistance gene region of SGI1 in DT104. 
The red arrows correspond to antibiotic resistance genes. Genes are not drawn to scale. 
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Salmonella strains of other serovars with variant antibiotic resistance profiles from MDR 
DT104 have been found to contain variants of SGI1, exhibit the gain, loss or exchange of 
resistance genes by gaining and/or losing various segments of DNA (Levings et al., 2005a; 
Levings et al., 2007). To date, variant SGI1 antibiotic resistance gene clusters, have been 
described in another 12 S. enterica serovars, including S. Agona, S. Albany, S. Paratyphi B, 
S. Meleagridis, S. Newport, S. Cerro, S. Derby, S. Kiambu, S. Emek, S. Düsseldorf, S. Infantis, 
and S. Kentucky (Boyd et al., 2001; Meunier et al., 2002; Doublet et al., 2003; Ebner et al., 
2004; Doublet et al., 2004b; Levings et al., 2005a; Cloeckaert et al., 2006; Vo et al., 2006a; 
Levings et al., 2007). SGI1 variants have been accordingly classified from SGI1-A to SGI1-L. 
These gene clusters were likely generated after chromosomal recombinational events or by 
antibiotic resistance gene cassette replacement (Doublet et al., 2005). The SGI1 and its 
variants have been detected in human, animal and some environmental sources in many 
countries. They were mostly reported in European and North America, but were also reported 
in Salmonella originating from the USA, Middle East, Australia, and Asian countries, 
including Malaysia, India, Indonesia, Singapore, Thailand, Korea, Japan, and Taiwan 
(Meunier et al., 2002; Ebner et al., 2004; Ahmed et al., 2005; Doublet et al., 2005; Weill et 
al., 2005; Levings et al., 2005a; Chiu et al., 2006; Cloeckaert et al., 2006; Vo et al., 2006a; 
Levings et al., 2007). The SGI1 variants SGI1-A (insertion of dfrA1 genes) and SGI1-C 
(contain only one integron with aadA2 cassette) have been recently isolated from S. Derby 
isolated from water systems in Vietnam (Akiba et al., 2006). The presence of SGI1 in many 
countries indicates that this strain has recently emerged worldwide. 
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1.5. Investigation of antimicrobial resistant phenotypes and 
genotypes of enteric bacteria in raw food: worldwide and in 
Vietnam 
The awareness of antibiotic resistance as an emerging problem has been increasing 
worldwide. Exposure to both commensal and pathogenic resistant bacteria via the food chain 
could be a major health threat as bacteria may develop and disseminate antibiotic resistance 
traits to important human pathogens or resistance genes in commensal bacteria may be 
transferred to the zoonotic enteropathogens. For this reason, many studies worldwide have 
focused on the occurrence of antimicrobial resistance in bacteria from food and the 
mechanisms of their resistances. However, it is obvious that the quantity and quality of these 
studies depend greatly on research capability and effort of each country. 
Surveillance programs at the national level on the antibiotic resistance problem in the human 
and agri-food sectors have been established in many developed countries such as the National 
Antimicrobial Resistance Monitoring System (NARMS) in the United States, or 13 European 
countries have established their own monitoring programme (Wray and Gnanou, 2000; 
McEwen and Fedorka-Cray, 2002). On the other hand, there have been extensive studies on 
the occurrence of antibiotic resistance bacteria in raw food (Meng et al., 1998; White et al., 
2001; Klein and Bulte, 2003; Schroeder et al., 2003; Johnson et al., 2003a; Saenz et al., 2004; 
Mora et al., 2005; Johnson et al., 2005a; Johnson et al., 2005b; Sunde and Nordstrom, 2006). 
The molecular characteristics of their resistance have also been investigated, such as the 
distribution and characterisation of antibiotic resistance determinants including integrons, 
plasmids, antibiotic resistance genes, and their transfer ability (Tessi et al., 1997; Garau et al., 
1999; Nastasi and Mammina, 2001; White et al., 2001; Zhao et al., 2001b; Zhao et al., 2001c; 
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Morabito et al., 2002; del Cerro et al., 2003; Guerra et al., 2003; Saenz et al., 2004; Chen et 
al., 2004a; Box et al., 2005; Antunes et al., 2006; Sunde and Nordstrom, 2006). 
While there are many studies addressing the phenotype and genotype of antimicrobial 
resistance in foodborne microorganisms, the information is largely unknown in many 
countries, especially in the developing world. Where reported, resistance to antibiotics in 
bacteria of meat origin were high in developing countries (Manie et al., 1998; Al-Ghamdi et 
al., 1999; Chung et al., 2003; Angkititrakul et al., 2005; Taremi et al., 2006), possibly as the 
result of inappropriate and uncontrolled use of antibiotics in farming practices. Therefore, the 
study of antibiotic resistance in developing countries is important as the information could 
enhance prudent use of antibiotics. In Vietnam, the antibiotic resistance characteristics have 
been reported in human isolates, including S. Typhi and other diarrhoeal pathogens (Anh et 
al., 2001; Cao et al., 2002; Isenbarger et al., 2002; Ehara et al., 2004; Nguyen et al., 2005a). 
As far as we are aware, there are very few published studies about the occurrence of antibiotic 
resistant bacteria in raw food samples in Vietnam. In addition, molecular characteristics of 
antibiotic resistance bacteria are almost unknown. 
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1.6. Project aims 
This study was conducted to address part of a deficiency in the information about food 
hygiene in Vietnam in terms of the prevalence of enteric bacteria in raw food, their antibiotic 
resistance characteristics and their virulence potential. Therefore, the aims of this study were: 
• To determine the prevalence of enteric bacteria, including Salmonella spp., E. coli and 
Vibrio spp. in meat, poultry and shellfish. The samples were collected from markets 
and supermarkets around Ho Chi Minh city, Vietnam. 
• To compare the clonal relationship of Salmonella spp. isolates recovered in this study 
by Pulsed Field Gel Electrophoresis (PFGE) and to investigate the possibility of using 
PFGE as an alternative method for Salmonella serotyping. 
• To identify the phenotypic aspects of Salmonella spp, E. coli and Vibrio spp. isolates 
by antibiotic susceptibility tests against 15 antibiotics. 
• To investigate genotypic characteristics of antibiotic resistance in the resistance 
isolates, which included examining the distribution of resistance genes, identification 
and characterisation of mobile elements and SGI1, and evaluated the transfer ability of 
their antibiotic resistance determinants. 
• To assess the pathogenicity of Salmonella spp. and E. coli isolates by studying their 
invasiveness and their distribution of virulence genes. 
  CHAPTER 2: GENERAL MATERIALS AND METHODS 
 
 
 
 
 
47 
Chapter 2: General Materials and Methods 
This chapter describes the general methods used in this project. Specific methods are 
described in each chapter. All materials, chemicals, equipment used in this project are listed in 
this chapter. 
2.1. Material 
2.1.1. General equipment 
Balance: 
 - Analytical balance Sartorius Gottingen, Germany 
 - Balance (0.1-500 g) U-Lab, Australia 
Cell counter (Neubauer, double ruled) Propper MFG Co., USA 
Centrifuge 
 - Eppendorf centrifuge. Eppendorf Geratebau, Germany 
 - Bench top centrifuge. Centaur 2, MSE. 
Centrifuge tubes 
 - 1.5 mL centrifuge tubes. Treff AG, Switzerland. 
 - 10 mL centrifuge tubes Sarstedt, Australia 
 - 50 mL centrifuge tubes Greiner Labortechnik, Germany 
Cover slips Mediglass, Australia 
Dry block heater Ratek Australia 
Cryogenic tank (liquid nitrogen tank) Cryo Biological System, USA. 
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Cryovials (1.8 mL) Nalgene Company, USA. 
Electroporation cuvettes (0.2 cm) BioRad, USA.   
Electroporator Gene Pulsar, Biorad, USA 
Electrophoresis Power Supply. 
 - EPS 500/400 Pharmacia LKB, Sweden. 
 - EPS 3000xi BioRad Laboratories, USA. 
 - EPS 600 Pharmacia LKB, Sweden. 
Electrophoresis Units: 
 - Mini gel (GNA-100) Pharmacia LKIB, Sweden 
 - Midi gel (wide mini-sub cell GT) BioRad Laboratories, USA 
Electrophoresis PFGE system CHEF-DRII, Bio-Rad 
Filter (Acrodisc 0.2µm, 0.45µm) Gelman Sciences, USA 
Gel Doc image system BioRad, USA 
Incubator, for tissue culture  Forma Scientific, USA  
Microscopes: 
 - Light microscope (CH2) Olympus Optical Co., Japan 
 - Phase contrast microscope Nikon Kogaku KK, Japan 
Microscope slides LOMB Scientific Co., Australia  
Nylon membrane (Hybond-N) Amersham, USA  
PCR thermal cyclers Thermohybaid, UK 
  Corbett Research, UK 
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Petri dish Nunc, Denmark 
Platform shaker Ratek, U-lab, Australia 
pH meter Radiometer, Denmark 
Sonicator Branson Sonic Power Co., USA 
Spectrophotometer-Dynatek MR7000 Baxter Dagnostics, Australia 
Syringe (1 mL, 5 mL, 10 mL, 20 mL, 50 mL) Terumo Pty, Ltd., Australia  
Tissue culture flask (25 cm2, 75 cm2) Nunc, Denmark 
Tissue culture tray (96 wells, 24 wells) Nunc, Denmark 
Transilluminator (UV) Novex Australia Pty Ltd 
Waterbath Ratek, U-lab, Australia 
Whatman blotting paper Whatman, England 
 
2.1.2. General chemicals 
ABI Prism BigDye Terminator Cycle Sequencing Perkin-Elmer Corp., USA 
Ready Reaction kit 
Acetic acid, glacial  BDH Chemicals, Australia  
Acetone. BDH Chemicals, Australia. 
Agarose (DNA grade). Progen Industries, Australia. 
Albumin, bovine serum (BSA).  Sigma Chemical Co., USA. 
Ammonium acetate Ajax Chemicals Ltd, Australia 
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Ammonium chloride BDH Chemicals, Australia 
Ammonium hydroxide BDH Chemicals, Australia 
Ammonium persulfate BioRad Laboratories, USA 
Antibiotics 
 - Ampicillin CSL Ltd., Australia. 
 - Chloramphenicol  Sigma, USA 
 - Kanamycin  Sigma, USA 
 - Gentamycin sulphate  Sigma, USA 
 - Nalidixic acid Sigma, USA 
 - Polymixin B Sigma, USA 
 - Rifampicin Sigma, USA 
 - Streptomycin Sigma, USA 
 - Tetracycline Sigma, USA 
L-arginine Fluka, Switzerland 
Bacteriological agar Oxoid Australia Pty. Limited  
Barium chloride dihydrate (BaCl2•2H2O)  Fluka, Switzerland   
Bromophenol blue BDH Chemicals, UK. 
Cefinase discs  BD Diagnostics, USA 
Cell counter (Neubauer, double ruled) Propper MFG Co., USA 
Chloroform  Ajax Chemicals, Australia 
DIG DNA Labelling and Detection kit Boehringer Mannheim, Germany 
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p-dimethylamino-benzaldehyde Fluka, Switzerland 
DNase I (bovine pancreas, grade I) Boehringer Mannheim, Germany 
DNA marker 
 - BAC-Tracker Supercoiled DNA ladder Epicentre, USA   
 - Lambda ladder for PFGE New England Biolabs 
 - GeneRuler 100 bp DNA ladder plus Fermentas, USA 
 - EasyLadder Bioline, USA 
 - Lambda DNA PstI marker (lambda DNA digested with PstI) 
 - Lambda DNA HindIII marker (lambda DNA digested with HindIII) 
DNA Polymerase:   
 - AmpliTaq Gold  Roche Diagnostics, Germany 
 - Expand long template DNA polymerase Roche Diagnostics, Germany 
dNTPs (deoxynucleoside triphosphates) 10 mM Roche Diagnostics, Germany  
Dulbecco’s Modified Eagle’s Medium (DMEM) Trace Biosciences, Australia 
Ethanol BDH. Chemicals, UK. 
Ethidium Bromide (EtBr) Boehringer Mannheim, Germany 
Ethylenediamine tetra acetic acid, disodium salt BDHChemicals, Australia. 
(EDTA) 
Geneclean kit  MP Biomedicals, USA. 
Glucose  Sigma-Aldrich Pty., Ltd, USA 
L-Glutamine Cytosystems Pty Ltd, Australia  
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Glycerol  BDH Chemicals, Australia 
Glycine  BDH Chemicals, Australia  
HEPES buffer (1 M) Cytosystems Pty Ltd, Australia 
Hexadecyltrimethyl ammonium bromide Sigma-Aldrich Pty., Ltd, USA 
(CTAB) 
Hydrochloric acid (32%) Ajax Chemicals Ltd., Australia 
Hydrogen peroxide (30 %) BDH Chemicals, Australia 
Immersion oil BDH Chemicals, Australia 
Isoamyl alcohol BDH Chemicals, Australia 
Isopropanol Ajax Chemicals Ltd., Australia 
Lambda DNA Pharmacia LKB, Australia. 
Lysozyme Roche Diagnostics, Germany 
Magnesium chloride Perkin Elmer, USA  
Magnesium sulphate BDH Chemicals, Australia  
Mannitol  BDH Chemicals, Australia 
Methanol BDH Chemicals, Australia 
Methyl red Sigma, USA 
alpha-Naphthol  Sigma, USA 
Newborn Calf Serum (NCS) Cytosystems Pty Ltd, Australia 
ONPG disc Biorad, USA 
L-ornithine Fluka, Switzerland 
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Paraffin BDH Chemicals, Australia 
Peptone Oxoid, England 
Phenol BDH Chemicals, Australia 
Phenol/Chloroform/Isoamyl Alcohol BDH Chemicals, Australia 
Phenol red Sigma-Aldrich Pty., Ltd, USA 
Phenylmethysulfonyl fluoride (PMSF) Sigma Chemical Co., USA 
Phosphate buffered saline (PBS) Oxoid Ltd., England 
Potassium acetate BDH Chemicals, UK 
Potassium chloride BDH Chemicals, UK 
Potassium dihydrogen orthophosphate  BDH Chemicals, UK. 
Proteinase K Sigma Chemical Co., USA 
Restriction Enzymes: Include BglI, ClaI, EcoRI, EcoRV, HincII, HindIII, PvuII, PstI, ClaI, 
SacII, SspI, XbaI, SacII, SspI and RsaI (Promega) 
Salmonella O agglutination sera (Remel, Europe), including Polyvalent O, Group A to S and 
monovalent sera (4-O, 6,7-O, 8-O, 9-O, 3,10,15,19-O).  
Sodium acetate BDH Chemicals, Australia 
Sodium chloride BDH Chemicals, Australia 
Sodium citrate BDH Chemicals, Australia  
Sodium dodecyl sulphate (SDS) BDH Chemicals, Australia  
di-Sodium hydrogen orthophosphate (anhydrous) BDH Chemicals, Australia  
Sodium hydroxide (pellets) BDH Chemicals, Australia 
  CHAPTER 2: GENERAL MATERIALS AND METHODS 
 
 
 
 
 
54 
Sodium phosphate Mallinckrodt Inc., USA 
Sorbitol BDH Chemicals, Australia 
Sucrose BDH Chemicals, Australia  
Sulfuric acid BDH Chemicals, Australia 
Tetracycline.HCl Sigma Chemical Co., USA 
tetramethyl-p-phenylendiamine dihydrochloride Fluka, Switzerland 
Tris (hydroxymethyl) aminomethane (Tris) Boehringer Mannheim, Germany 
Triton-X-114  Sigma-Aldrich Pty., Ltd, USA 
Trypan blue Sigma-Aldritch Pty. Ltd., USA 
Trypsin - EDTA (without phenol red) Trace Biosciences, Australia 
Tryptone Oxoid Ltd., England 
Tween 20 Sigma Chemical Co., USA 
Urea  BDH, Australia 
Whatman blotting paper Whatman, England 
Wizard Plus Minipreps DNA purification system Promega, USA 
Wizard Genomic DNA Purification kit Promega, USA 
Yeast Extract Oxoid Ltd., England 
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2.1.3. General media and solutions 
Luria Bertani agar (LB agar): 1% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.5% (w/v) 
sodium chloride (NaCl), 1% (w/v) bacteriological agar  
Luria Bertani broth (LB broth): 1% (w/v) tryptone, 0.5% (w/v) yeast extract, 0.5% (w/v) 
sodium chloride (NaCl)  
CTAB/NaCl: Dissolved 4.1 g of NaCl in 80 mL H2O and added 10 g CTAB while heating to 
65°C. 
Destaining solution: 40% (v/v) methanol and 10% (v/v) glacial acetic acid.  
DNA loading buffer (6 ×): 0.25% (w/v) bromophenol blue, 0.25% (w/v) xylene cyanol FF, 
40% sucrose in water.  
Ethidium bromide (EtBr): 10 mg/mL EtBr. This solution is not autoclaved.  
EDTA (0.5 M) (pH 9): To prepare 200 ml of 0.5 M EDTA solution, add 37.22 g EDTA to 
150 mL MilliQ water with 20 g NaOH pellets, adjust pH to 9.0 and make up to 200 mL. 
ESP buffer: 0.5 M EDTA pH 9.0, 1% N-lauryl sarcosine, 1 mg/ml Proteinase K. 
Fluoride/TE solution: 0.0186 g PMSF was added to 1 mL of isopropanol, prewarmed the 
mixture at 37°C for 15 min. 25 mL of rewarmed TE (37°C) was then added aseptically 
to the mixture. 
LBEDO broth: contain 100 mL LB-broth, 2 mL 50xE salt (1% MgSO4.7H2O, 10% citric 
acid.H2O, 50% K2HPO4 and 17.5% NaHNH4PO4.2H2O) and 1 mL D-Glocose. 
Lysis buffer for plasmid extraction: 3% SDS and 50 mM Tris (pH 12.6) 
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P22 broth: 1mL P22 (1011pfu/mL) in 100 mL LBEDO broth. 
Phenol: Phenol was prepared by melting the solid form at 65°C for two hours and saturated 
with TE buffer, pH 8.0. Aliquots were stored at 4°C. 
Phosphate buffered saline: PBS solution was prepared by dissolving 1 PBS tablet in 100 mL 
Milli-Q water. 
PIV solution: 10 mM Tris-HCl, 1 M NaCl, adjusted to pH 7.6  
Potassium acetate solution: 3.0 M potassium acetate (KAc), pH 4.8  
Saline water: 0.85% (w/v) sodium chloride (NaCl) in water 
TAE buffer (50 ×): Tris-base (24.2% w/v), glacial acetic acid (5.17% w/v) and EDTA 
(1.86% w/v) were dissolved in deionised water. This was diluted to 1X before use. 
TBE Buffer (5x): Tris base (0.445 M), Boric acid (0.445 M) and EDTA (12.5 mM) dissolved 
in H2O and adjusted to pH 8.0. 
TE buffer: 10mM Tris base, 1 mM EDTA, pH 8.0 
Trypticase Soy Agar (TSA) (Oxoid): 4% (w/v) TSA medium mix. 
 
2.1.4. Media and solutions for Salmonella spp., E. coli and Vibrio spp. 
isolation and identification. 
Alkaline peptone water: Peptone 1%, NaCl 1%, pH 8.5. Autoclaved at standard conditions. 
BaSO4 turbidity standard (0.5 McFarland standard): mixing 0.5 mL of 1.175% (w/v) 
barium chloride dihydrate (BaCl2•2H2O) with 99.5 mL of 1% (v/v) sulfuric acid 
(H2SO4). Dispense 5 mL into test tubes. Seal tubes with parafilm to prevent evaporation 
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and stored at room temperature in the dark. Tube was agitated on a vortex mixer 
immediately prior to use. 
Brilliant green bile (2%) broth (Oxoid): Suspend 4% (w/v) medium mix in distilled water, 
distribute into test tubes fitted with Durham’s tubes, autoclave. 
Buffered peptone water (Oxoid): 2% (w/v) medium mix, autoclave. 
Decarboxylase broth (Moeller’s) containing amino acids (L-ornithine or L-arginine) 
(BBL): Suspend and heat to dissolve the powder in distilled water (1.05%). 1% (w/v) 
amino acid was then added (no amino acid was added to the control broth), autoclave at 
121ºC for 10 min. 
Eosin Methylene Blue Agar (EMB) (BBL): 3.74% EMB medium mix. Autoclave. 
Kligler Iron Agar (KIA) (Oxoid): 5.5% (w/v) KIA medium mix. Bring to the boil to 
dissolve completely, then dispense into tubes. Autoclaving then set tubes as slopes. 
Kovac’s reagent: Iso-amyl alcohol: 75 ml, Con. HCl: 25 ml, p-dimethylamino- 
benzaldehyde: 5 g 
Lysine Decarboxylase (LDC) Broth (Oxoid): Add 1 tablet to 5 ml of distilled water, 
dissolve and dispense into test tubes. Autoclave. 
Methyl Red (MR) solution: Dissolve 0.04 g methyl red in 60 ml 950C alcohol, add 40 ml 
distilled water.  
MR-VP broth: Peptone: 0.7% (w/v), Glucose: 0.5% (w/v), Dipotassium hydrogen phosphate 
(K2HPO4) 0.5%. Dissolve and dispense into test tubes, autoclave. 
Muller Hinton Agar (Oxoid): 3.8% medium mix. Autoclave. 
0.1% Peptone solution: Peptone; 0.1%, Sodium chloride (NaCl) 0.85%. Autoclave.  
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Salt tolerance media: Dissolve 10g peptone, and 0, 30, 60, 80, or 100 g sodium chloride in 
1L H2O to make 3%, 6%, 8% and 10% salt media respectively. 
Simmons Citrate Agar (BBL): 2.42% medium mix in water. Boil to dissolve the powder 
completely and dispense into test tubes. Autoclave, set the agar in the slanted position. 
Rappaport-Vassiliadis (RV) (Oxoid): 3% (w/v) RV medium mix. Heat gently until 
dissolved completely. Dispense 10 ml volumes into screw-capped bottles, then 
autoclaving at 115°C for 15 min.  
Thiosulfate Citrate Bile Salts Sucrose Agar (TCBS Agar): 8.9% (w/v) of the powder mix. 
Heat to dissolve, cool to 45-500C and use immediately. No autoclave required. 
Tryptone water: Tryptone 1%, Sodium chloride: 0.5%. Dissolve and dispense into test tubes 
and autoclave.  
TSI agar (Merck): 6.5% (w/v) of the medium mix. Boil to dissolve the powder completely 
and dispense into test tubes. Autoclave, set the agar in the slanted position. 
Urea agar: Including: 
Base medium: 0.1% (w/v) peptone, 0.1% (w/v) glucose, 0.5% (w/v) Sodium chloride 
(NaCl), 0.2% (w/v) potassium dihydrogen phosphate (KH2PO4), phenol red (0.00012%) 
(w/v), agar 1.5% (w/v). Autoclave.  
Urea solution: Dissolve urea (40%(w/v) in water. Sterilize by filtration.  
The completed medium was prepared by mixing 50 mL urea solution into 950 mL basic 
medium which was cooled to 50-550C. Pour into sterilezed test tubes, leave the medium 
to set in a slanted position. 
Voges-Proskauer (VP) reagents: Solution 1: 5% alpha-Naphthol (w/v) in alcohol (absolute), 
Solution 2: 40% Potassium hydroxide (w/v) in dH2O.  
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Xylose lysine deoxycholate (XLD) agar (Oxoid): 5.3% (w/v) XLD medium mix. This media 
was microwave sterilised at high for 10 min. 
 
2.1.5. Solutions for Southern blotting 
Anti-DIG antibody solution: Anti-DIG antibody (1:5000 Dilution) in Blocking solution. 
Blocking reagent stock solution: Blocking Reagent (10 g) was added to 100 mL Maleic 
Acid Buffer. The Blocking Reagent was dissolved on a heat plate for 1 h at 65°C with 
constant stirring. After the Blocking Reagent has completely dissolved, the solution was 
autoclaved and stored at 4°C. 
Blocking solution: 1% Blocking reagent (from 10% Stock Solution) diluted in Maleic Acid 
Buffer. 
Detection buffer: Tris-HCl (100mM, pH 9.5) and 100 mM NaCl dissolved in dH2O. 
Denaturation solution: Sodium Hydroxide (0.5 M) and Sodium Chloride (1.5 M) dissolved 
in dH2O. 
Depurination solution: 0.25 M HCl diluted in dH2O 
Maleic acid buffer: Maleic Acid (0.1 M) and Sodium Chloride (0.15 M) dissolved in dH2O 
and autoclaved. 
Maleic acid wash buffer: Tween® 20 (0.3% w/v) in Maleic Acid Buffer 
Neutralisation solution: Tris-HCl (0.5 M, pH 7.5) and Sodium Chloride (3 M) dissolved in 
dH2O. 
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Standard hybridisation buffer: SSC (5X), 0.1% N-lauroylsarcosine, 0.02% SDS and 1% 
Blocking Reagent (from 10% stock solution) diluted in dH2O. 
20X SSC: Sodium Chloride (3 M) and Sodium Citrate (0.3 M) dissolved in dH2O, adjusted to 
pH 7.0 and autoclaved 
2X SSC wash buffer: SSC (2X) and 0.1% SDS diluted in dH2O. 
0.5X SSC wash buffer: SSC (0.5X) and 0.1% SDS Diluted in dH2O. 
Substrate solution: NBT/BCIP substrate solution (80 µL) diluted in 10 mL of detection 
buffer. 
 
2.1.6. Media and solutions for tissue culture 
Dulbecco’s Modified Eagle’s Medium (DMEM):  
 - 5 × DMEM  100.0 mL 
 - Hepes Buffer (1 M)  10.0 mL 
 - Sodium Bicarbonate (7.5 %)  13.5 mL  
 - L-Glutamine (200 nM)  4.5 mL 
 - Milli-Q H2O  372.0 mL 
DMEM + 10 % Newborn Calf Serum (NCS): NCS was added to DMEM to give a final 
concentration of 10 %. 
Phosphate Buffered Saline (pH 7.4) (PBS). One litre of PBS was made by dissolving ten 
PBS tablets in 1 L Milli-Q H2O. 
Trypsin solution: Mix 1:1 trypsin/EDTA with PBS 
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Trypan blue solution: 1% (w/v) trypan blue dissolved in sterile PBS. 
 
2.1.7. Antibiotics  
2.1.7.1. Antibiotic stock solutions 
All antibiotic solutions were filtered through 0.2 µm syringe filters and stored in 1 mL 
aliquots at -20ºC.  
Antibiotic stock solutions were: 
 - Ampicillin (100 mg/mL): in dH2O.  
 - Chloramphenicol (40 mg/mL): in ethanol. 
 - Kanamycin (100 mg/mL): in dH2O. 
 - Gentamycin (10 mg/mL): in dH2O.  
 - Nalidixic acid (20 mg/mL): in dH2O. 
 - Polymixin B (10 mg/mL): in dH2O. 
 - Rifampicin (10 mg/mL): in dH2O. 
 - Streptomycin (50 mg/mL): in dH2O.  
 - Tetracycline (50 mg/mL): in ethanol.  
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2.1.7.2. Antimicrobial susceptibility discs 
Antimicrobial susceptibility discs (Oxoid) were used. The concentration of the discs and 
abbreviation of antimicrobial agents which was used throughout the thesis were: ampicillin 
(AMP) 10 µg, amoxicillin (AMO) 10 µg, augmentin (AUG) 30 µg, cephalothin (CEP) 30 µg, 
chloramphenicol (CHL) 30 µg, ciprofloxacin (CIP) 5 µg, enrofloxacin (ENR) 5 µg, 
tetracycline (TET) 30 µg, gentamicin (GEN) 10 µg, kanamycin (KAN) 30 µg, nalidixic acid 
(NAL) 30 µg, norfloxacin (NOR) 10 µg, sulphafurazole (SUL) 300 µg, streptomycin (STR) 
10 µg, trimethoprim (TRI) 5 µg. 
 
2.2. Methods 
2.2.1. General Procedures 
All chemicals used were of analytical reagent grade. Solutions were prepared using deionised 
water. Deionised water was obtained from a Millipore Milli-Q-water system (Liquipure, 
Melbourne, Australia). 
Glassware was washed in Pyroneg detergent (Diversey-Lever, Pty. Ltd., Australia), rinsed 
twice in tap water, and then twice in deionised water. Glassware used for cell culture media 
was washed in Pyroneg detergent, rinsed twice in tap water, and twice in deionised water, and 
then soaked overnight in deionised water. 
Sterilisation of solutions, pipette tips and glassware was achieved by autoclaving at standard 
conditions, 121°C (15 lbs/in2) for 20 min on liquid cycle, unless otherwise stated. 
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Solutions were dispensed using a Finnpipette® 0.5-10 μL (Labsystem) pipette for volumes 
ranging from 0.5 μL to 10 μL, a Finnpipette 5-40 μL (Labsystem) pipette for volumes ranging 
from 10 μL to 40 μL, a Gilson P-200 Pipetman Micropipette (John Morris Scientific, 
Australia) for volumes ranging from 40 μL to 200 μL, a Gilson P-1000 Pipetman for volumes 
ranging from 200 μL to 1000 μL, a Finnpipette 1000-5000 μL (Labsystem) pipette for 
volumes ranging from 1000 μL to 5000 μL. 
 
2.2.2. Microbiological methods 
2.2.2.1. Isolation and identification of Salmonella spp., E. coli and Vibrio spp. 
S. Typhimurium, E. coli, V. parahaemolyticus and V. cholerae strains, which were provided 
by the University of Natural Sciences, HCM city, were used as controls throughout the 
isolation and identification steps.  
 
2.2.2.1.1. Isolation and identification of Salmonella spp. 
The procedures for isolation of Salmonella spp. were based on the NMKL method (NMKL, 
1991) with some modification. The procedures were as follows: 25 g sample of food product 
was homogenised and pre-enriched in 225 mL of buffered peptone water. Following 
incubation (37ºC for 24 h), 0.1 ml of broth was transferred to a tube containing 10 ml of RV 
enrichment broth. Enrichment broth cultures were incubated at 42ºC for 18-24 h. Following 
enrichment, a loopful of the RV culture was streaked onto XLD agar plates, and the plates 
were incubated at 370C for 24 h. Presumptive colonies (lightly transparent zone of reddish 
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colour and black center) were maintained on non-selective TSA agar slants for further 
biochemical tests, including: urease production (-), indole formation (-), hydrogen sulphide 
production and carbohydtates fermentation (on KIA agar) (hydrogen sulphide production, 
glucose fermented for typical strains), lysine decarboxylase reaction (LDC) (+), VP reaction 
(-), beta-galactosidase reaction (ONPG) (-) and agglutination tests with Salmonella polyvalent 
O sera (+), procedure was complied with manufacturer’s instruction.  
Salmonella spp. isolates were then serogrouped with the use of commercial monovalent sera 
(Remel, USA) by observing the agglutination formation of isolates with the sera, procedures 
were followed the manufacturer’s instructions. The isolates were tested against group B (4-
O), C1 (6,7-O), C2 (8-O), D (9-O), and E (3,10,15,19-O) antisera. Representive isolates were 
further serotyped by the Microbiological Diagnostic Unit, Melbourne University, Australia.  
 
2.2.2.1.2. Isolation and identification of E. coli 
The procedures for isolation of E. coli were based on the NMKL method (NMKL, 1996) with 
some modifications. Firstly, 25g of food samples were homogenised in 225 mL of 0.1% 
peptone solution. From the homogenate, a 1mL aliquot was transferred to tubes containing 10 
mL of brilliant green bile broth with inverted Durham tube (to observe the gas formation). 
Broth tubes were incubated at 440C for 48 h. After incubation, a loopful of culture from the 
broth tube which has gas formation in the Duham tube was streaked onto EMB agar. 
Presumptive colonies of dark, blue-black colour with a metallic green sheen on EMB agar 
were then streaked on TSA slants for IMViC test (Indole production (+), Methyl red (+), 
Voges-Proskauer (-), and Citrate test (-) to confirm the presence of E. coli. 
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2.2.2.1.3. Isolation and identification of Vibrio spp. 
The procedures for isolation of Vibrio spp. were based on the Bacteriological Analytical 
Manual, U.S Food and Drug Administration, Center for Food Safety and Applied Nutrition 
(Kaysner and DePaola Jr, 2004) with some modifications. 
First, 25 g of each sample was inoculated in 225 mL alkaline peptone water and homogenized 
in a stomacher, then incubated at 37ºC. After 8 h (to isolate V. cholerae) and after 24 h (to 
isolate V. parahaemolyticus), a loopful of peptone water was streaked on TCBS agar plate. 
After incubation at 37ºC for 18-24 h, typical bluish-green colonies (for V. parahaemolyticus) 
and yellow colonies (for V. cholerae) were picked and subcultured onto TSA agar (with 2% 
NaCl) for further biochemical tests, including oxidase test, carbohydtates fermentation (on 
TSI agar), salt (NaCl) requirement test (0%, 3%, 6%, 8% and 10%), amino acids 
decarboxylase reaction (included Lysine decarboxylase, Arginine dihydrolase, Ornithine 
decarboxylase), Indole, VP reaction, and beta-galactosidase reaction (ONPG) test. All media 
for biochemical test of Vibrio spp., 1% NaCl were added (except salt tolerance media for salt 
requirement test where the proportion were calculated accordingly).  
Strains showing typical reactions of V. parahaemolyticus (Table 2.1) were further confirmed 
by PCR amplication of the thermolabile hemolysin (tl) gene which is specific for detection of 
V. parahaemolyticus (Bej et al., 1999; Kaysner and DePaola Jr, 2004). Primer sequences 
were: TL1:5’-AAA GCG GAT TAT GCA GAA GCA CTG –3’, TL2:5’-GCT ACT TTC 
TAG CAT TTT CTC TGC-3’, expected product size was 450bp.  
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To avoid duplication of isolates from one food sample, in the procedures of isolation and 
identification of E. coli, Salmonella spp. and Vibrio spp., two typical colonies on selective 
media (EMB agar for E. coli, XLD agar for Salmonella spp., and TCBS agar for Vibrio spp.) 
were collected for further confirmation test. If both typical colonies gave positive reaction in 
the confirmation tests, then they were further distinguished by antibiotic susceptibility tests 
against ampicillin, tetracycline, ciprofloxacin, gentamycin, chloramphenicol and 
sulphafurazole as described in section 2.2.3. If the antibiotic resistance patterns were similar 
for the two isolates, then it was assumed that they were identical strains and one of them was 
discarded.  
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Table 2.1: Typical biochemical reactions of V. parahaemolyticus and V. cholerae. 
Biochemical tests V. parahaemolyticus V. cholerae 
Oxidase + + 
Glucose fermentation (TSA agar) Acid, no gas Acid, no gas 
Lactose fermentation (TSA agar) - - 
Sucrose fermentation (TSA agar) - + 
Hydrogen sulphide (TSA agar) - - 
Salt requirement (0%) - + 
Salt requirement (3%) + + 
Salt requirement (8%) + - 
Salt requirement (10%) - - 
Lysine decarboxylase + + 
Arginine dihydrolase - - 
Ornithine decarboxylase + + 
Indole + + 
Voges-Proskauer - + 
beta-galactosidase reaction (ONPG) + - 
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2.2.2.2. Bacterial strains 
2.2.2.2.1. Bacterial strains and bacteriophage which were provided for this study 
Table 2.2 shows the list of bacterial strains used in this study which were provided from 
different sources. 
 
2.2.2.2.2. Bacterial strains which were isolated from this study 
The other 91 Salmonella spp. isolates, 99 E. coli spp. isolates and 16 Vibrio spp. isolates, all 
of which were collected from food and food-related samples in HCM city, Vietnam are 
included in the Appendix, Table A1, A2 and A3.  
 
2.2.2.3. Bacterial culture conditions 
All bacterial strains were grown on solid microbiological media under aerobic conditions at 
37°C for 16 h. In instances where broth cultures were used, the strains were grown aerobically 
at 37°C for 16 h on a Ratek orbital shaker set at 120 rpm.  
 
2.2.2.4. Storage of bacterial strains and phage 
Long term. All bacterial strains were stored at -70°C in LB-broth containing 20% glycerol.  
Short term. All bacterial strains were stored on LB-agar plates which were supplemented 
with the appropriate antibiotics where required, at 4°C. Phages were stored at 4°C in LB-
broth.
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Table 2.2: Bacterial strains and bacteriophage provided 
Bacterial Strain/ 
plasmids 
Resistant 
phenotype* 
Reference/Source 
E. coli   
HB101 TET, STR, 
KAN 
Biotechnology laboratory, Biotechnology and 
Environmental Biology, RMIT University 
JM109  NAL Biotechnology laboratory, Biotechnology and 
Environmental Biology, RMIT University 
E. coli ATCC 25922 Sensitive Microbiology laboratory, Biotechnology and 
Environmental Biology, RMIT University 
Salmonella spp.   
S. Typhimurium  
LT2-9121 
STR Prof. Peter. Reeves, Department of 
Microbiology, The University of Sydney 
S. Typhimurium N/A Department of Microbiology, University of 
Natural Sciences, HCM city 
S. Typhimurium 
definitive phage type 104 
AMP, AMO, 
TET, CHL, 
SUL, STR, 
NAL 
Dr Diane Lightfoot, Department of 
Microbiology and Immunology, University of 
Melbourne 
S. Braenderup (ATCC 
BAA-664) 
N/A Ms Libby Grabsch, Austin hospital, 
Melbourne, Australia 
Vibrio spp.   
V. parahaemolyticus N/A Department of Microbiology, University of 
Natural Sciences, HCM city 
V. cholerae N/A Department of Microbiology, University of 
Natural Sciences, HCM city 
Staphylococcus aureus 
ATCC 29213 
Sensitive Microbiology laboratory, Biotechnology and 
Environmental Biology, RMIT University 
Bacteriophage 
P22 (HT105/1 int 201) 
 
N/A 
Prof. Peter. Reeves, Department of 
Microbiology, The University of Sydney 
*: Resistance phenotype based on the result of antibiotic susceptibility tests against 
antibiotics: AMP, AMO, AUG, CEP, CHL, CIP, ENR, TET, GEN, KAN, NAL, NOR, SUL, 
STR, and TRI.  
N/A: not applicable. 
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2.2.3. Antibiotic susceptibility tests 
The antimicrobial susceptibility of the isolates was determined using the disk diffusion 
method on Mueller–Hinton agar plates. The standard procedure of the Clinical and Laboratory 
Standards Institute (CLSI)(former NCCLS) (NCCLS, 2004) were strictly followed throughout 
the testing procedure. Quality control strains E. coli ATCC 25922 and S. aureus ATCC 29213 
were included in each run. Zone diameters obtained for these control strains had to be in the 
expected ranges from NCCLS published limits for this control strain. The procedures for 
antibiotic susceptibility test was summarised as bellow. 
 
2.2.3.1. Preparation of agar plates 
The medium (Muller Hinton Agar) was prepared according to the manufacturer’s instructions. 
It was cooled and poured into Petri dishes of approximate 4 mm depth. The plates were used 
within seven days after preparation. For testing antibiotic susceptibility of 
V. parahaemolyticus, sodium chloride (NaCl) was added to the medium to a final 
concentration of 1%; this NaCl concentration produced optimal growth for Vibrio spp. and 
there was no effect on diffusion rates of antimicrobial agents in the medium (Ottaviani et al., 
2001). The control strains E. coli (ATCC 25922) tested on this agar plate for 
V. parahaemolyticus gave good bacterial growth and produced inhibition zones equal to the 
standards for each antimicrobial tested. 
. 
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2.2.3.2. Inoculation of test plates 
A well-isolated colony was inoculated into LB-broth and incubated overnight at 370C. The 
density of the culture was adjusted to a turbidity equivalent to that of a BaSO4 turbidity 
standard (0.5 McFarland standard) by adding sterile LB-broth. A sterile swab was then 
immersed in the suspension, pressed on the inside wall of the tube to remove excess inoculum 
from the swab and streaked over the entire surface of Muller Hinton Agar plates, rotating the 
plate approximately 60 degrees after each application to ensure an even distribution of the 
inoculum. Finally, swab all around the edge of the agar surface. 
 
2.2.3.3. Dispensing of discs  
The working antimicrobial disks were stored in the refrigerator (4°C) in a container with 
desiccant. The container containing antimicrobial disks was left unopened at room 
temperature for approximately 1 h before using the disks to allow the temperature to 
equilibrate. After inoculation (no longer than 15 min), the antimicrobial disks were applied to 
the plates with sterile forceps and then gently pressed down onto the agar. To prevent 
overlapping of the zones of inhibition and possible error in measurement, disks were 
distributed to be apart from so that no closer than 24 mm from center to center of the disks 
and from the edge of the plate. The plates were then incubated at 370C for 16-18 h.  
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2.2.3.4. Measurement of zones 
Inhibition zones were measured with a ruler and recorded to the nearest millimeter and 
isolates were classified as susceptible, intermediate, or resistant according to the zone 
diameter interpretative standards recommendations from the Clinical and Laboratory 
Standards Institute (CLSI, 2005) and recorded as susceptible, intermediate, or resistant to each 
antibiotic tested. 
 
2.2.4. Methods of DNA analysis 
2.2.4.1. Agarose gel electrophoresis 
Unless stated otherwise, agarose gel electrophoresis was carried out at 80V for 1.5 h using 
1.5% gel matrix prepared in 1xTAE buffer. Following electrophoresis the gel was stained in 
an ethidium bromide bath (3 μg/mL) for 5-10 min and destained in tap water for 30 min or 
until the background was clear. Gels were visualised and photographs taken using the BioRad 
Gel Doc system. 
 
2.2.4.2. DNA extraction 
Isolates were inoculated in 1 mL of LB-broth from a single colony and incubated at 37°C with 
shaking (100 rpm) overnight. DNA was then extracted using a Promega DNA purification kit.  
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2.2.4.3. Polymerase Chain Reaction 
PCR was performed either by using isolated DNA (2.2.4.2) or boiled cell lysate. Boiled cell 
lysate was prepared by suspending a single colony in 100 μL dH2O and boiled for 10 min at 
1000C. Debris was removed by centrifugation at 15000 x g for 5 min and 1-2 μL of the 
supernatant used in PCR reaction mix. 
 
2.2.4.3.1. Design of primers 
Primers were designed using Sci Ed Central Primer Designer 4 V 4.2. Primers were designed 
to have a %GC content between 40-60% with a Tm°C in the range of 50-80˚C. The primer 
sequences used for each DNA amplification purpose are provided in the corresponding 
chapters. 
 
2.2.4.3.2. General PCR procedure. 
PCR was performed using the following protocol for PCR using Taq polymerase: 
10X Buffer 5 μl 
MgCl2 (2.5 mM)  4 μl  
Forward Primer (50 ng/µL)  2 μl 
Reverse Primer (50 ng/µL)  2 μl 
dNTP Mix (10 mM)  1 μl 
DNA (50ng)  2 μl 
Taq polymerase 0.3 U  
dH2O  Make up to 50 μl 
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The mixture was subjected to the following cycling conditions: 
 Number of cycles Temperature Duration 
 1 (denaturation) 94°C 5 min 
 35 (denaturation) 94°C 30 s 
 35 (annealing) 50°- 60°C 30 s 
 35 (extension) 72°C 1min/kb  
 1 (extension) 72°C 10 min 
 
2.2.4.3.3. General expand PCR procedure. 
To amplify fragments larger than 3 kb, expand long template polymerase was used instead of 
Taq DNA polymerase with the following reaction mix: 
 10X Buffer 5 μl 
 Forward Primer (50 ng/µL)  2 μl 
 Reverse Primer (50 ng/µL)  2 μl  
 dNTP Mix (10 mM)  1 μl 
 DNA (50ng)  2 μl  
 Expand long template polymerase 0.75 μl 
 dH2O Made up to 50 μl 
General cycling conditions for expand long template polymerase were: 2 min denaturation at 
93°C, followed by 10 cycles which consist of denaturation at 93°C for 10 s, annealing 
temperature of 57-60°C for 30 s, extension at 68°C for 5 min. Additional 20 cycles with the 
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same parameters as previous 10 cycles except denaturation time was 15s, and 20s was added 
to the extension time at each cycle. Final extension was at 68°C for 7 min. 
 
2.2.4.4. Purification of DNA from agarose gel electrophoresis and PCR products 
Purification of DNA from agarose gel using the Geneclean kit (MP Biomedicals, USA) was 
performed according to the manufacturer’s instruction.  
 
2.2.4.5. DNA sequencing 
DNA was amplified using ABI Prism BigDye Terminator Cycle Sequencing Ready Reaction 
Kit. The amplified DNA was then precipitated using ethanol and sodium acetate according to 
the manufacturer’s protocol and was sequenced using the 3730 Capillary Sequencer at 
Monash University, Clayton, Victoria. 
 
2.2.4.6. DNA sequence analysis 
Sequence results were searched for DNA and amino acid homology using the NCBI Basic 
Local Alignment Search Tool (BLAST) (http://www.ncbi.nlm.nih.gov/BLAST/). The Sci Ed 
Central clone manager suite program was used for DNA sequence alignment, restriction map 
and primer design.  
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2.2.4.7. Restriction enzyme digestions 
Digestions DNA with restriction enzymes were performed according to manufacturer’s 
instruction.  
 
2.2.4.8. Transformation of DNA 
2.2.4.8.1. Preparation of competent cells 
Bacterial cells were grown in 10 mL of LB-broth on a shaker at 37°C for 16 h. Five millilitres 
of this culture was used to inoculate 500 mL of pre-warmed LB-broth in a flask and shaken 
vigorously at 37°C for 3 h. The cells were chilled on ice for 30 min and then centrifuged at 
4000 × g for 10 min at 4°C. The supernatant was completely drained off before the cells were 
resuspended in 500 mL of ice-cold H2O and then centrifuged at 4000 × g for 10 min. This 
step was repeated with 250 mL of ice-cold H2O. The cell pellet was resuspended in 10 mL of 
ice-cold 10 % (v/v) glycerol and centrifuged as before. The cells were resuspended in a final 
volume of 2 mL of ice-cold 10 % (v/v) glycerol and divided into aliquots of 40 μL each. 
These aliquots were stored at -70°C. 
 
2.2.4.8.2. Electroporation of competent cells 
Frozen electro-competent cells were thawed on ice for 15 min and 40 μL of competent cell 
suspension was mixed with DNA in a volume of up to 2 μL and transferred to an ice-cold 
electrocuvette with a 0.2 cm gap. The pulse settings used to deliver DNA into the cells were 
2.5 kV, 25 mF and 200 Ω. Immediately after the pulse, LB-broth (1 mL) was added to the 
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cells, and the mixture was incubated at 37°C waterbath for 1 h. One hundred microlitres of 
transformed culture was plated out onto LB-agar containing the appropriate antibiotic. The 
remaining transformation mixture was concentrated by centrifuging at 2600 x  g for 5 min and 
resuspending in 100 μL of LB-broth. This was also plated onto LB-agar containing the 
appropriate antibiotic. 
 
2.2.4.9. Southern blotting 
The DNA gel was washed twice in denaturing solution for 15 min each, followed by two 15 
min washes in neutralisation solution. The DNA was conveyed to the nylon membrane by 
capillary transfer, by placing the membrane on top of the gel followed by two sheets of 
Whatman paper, approximately 30 sheets of paper towels, a glass plate and a 1kg weight on 
top of the glass. Transfer was allowed to proceed overnight. 
The membrane was cross-linked to the membrane by UV irradiation for 5 min. It was then 
pre-hybridised for 2 h at 65°C in standard hybridisation solution. The labelled DNA probe 
was denatured by boiling for 10 min and then chilled on ice immediately. The denatured 
probe was then added to the standard hybridisation solution which contained membrane then 
incubated overnight at 65°C.  
After incubation, the membrane was washed twice with 2X SSC wash buffer for 5 min at 
room temperature, then washed twice in 0.5X SSC wash buffer for 15 min at 65°C. Following 
the stringency washes, the membrane was equilibrated in maleic acid wash buffer, then 
incubated in blocking solution for 1 h at room temperature. The blocking solution was 
replaced with Anti-DIG antibody solution and incubated for 30 min at room temperature. 
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Unbound antibody was removed by two washes in maleic acid wash buffer for 15 min at 
room temperature. Substrate solution was then added and the membrane placed in the dark 
until a colour precipitate had developed. 
 
2.2.5. Tissue culture techniques 
2.2.5.1. Tissue culture cell line 
The cell line used in this study was Int-407 (Human Caucasian embryonic intestine). The cell 
line was provided by the Biotechnology laboratory, Biotechnology and Environmental 
Biology, RMIT University. 
 
2.2.5.2. Maintenance and storage of tissue culture cell line 
2.2.5.2.1. Storage of stock cultures- banking down and reconstitution 
Tissue culture cells were harvested from culture flasks by using typsin-EDTA, and the cells 
recovered by centrifugation at 2600 x g for 3 min. The cell pellet was resuspended in 1mL of 
the complete medium with 10% dimethyl sulphoxide (DMSO). The cell suspension was 
placed into a cryovial, stored at -700C for 24-48 h then transferred to liquid nitrogen. 
During reconstitution the cell suspension was diluted to 10 mL in a centrifuge tube with 
complete medium, the mixture was centrifuged at 2600 x g for 3 min, then the harvested cells 
were resuspended in 1mL of complete medium. An appropriate amount of this suspension 
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was used to inoculate a culture flask containing the appropriate volume of complete medium 
and 10% NCS. 
 
2.2.5.2.2. Tissue culture growth conditions 
The cell line was routinely cultured in 25 cm2 or 75 cm2 culture flasks, or 24 well culture trays 
containing complete medium supplemented with 10% (v/v) NCS, and antibiotics (5 µg/mL 
penicillin and streptomycin) were added when necessary. The cultures were incubated at 37ºC 
with 5% CO2. The medium was replaced every second day, or as necessary. The cells were 
washed and cultured in antibiotic-free medium overnight before use. 
 
2.2.5.3. Invasion assay 
The invasion assay procedure is described in Chapter 5, Section 5.2.2. 
 CHAPTER 3: THE DETECTION OF ENTERIC BACTERIA IN MEAT, POULTRY AND SHELLFISH FROM VIETNAM 
AND THEIR ANTIBIOTIC RESISTANCE CHARACTERISTICS 
 
 
  
 
 
80 
Chapter 3: The Detection of Enteric Bacteria in Meat, 
Poultry and Shellfish from Vietnam and Their Antibiotic 
Resistance Characteristics. 
3.1. Introduction 
Foodborne bacterial infections are public health concerns worldwide. In serious cases of 
foodborne disease, systemic infection and death can occur, particularly with patients at the 
extremes of age or with the immuno-compromised (Cohen et al., 1987; Tauxe, 1997; Mead et 
al., 1999; Meng and Doyle, 2002). 
Salmonella spp., E. coli and Vibrio spp. are three of the most common organisms to cause 
foodborne illness worldwide. In addition, non-typhoidal Salmonella spp. are common food-
associated pathogens, and Salmonella infections are one of the most common causes of death 
associated with food-related illness  (Adak et al., 2002; The OzFoodNet Working Group, 
2006). E. coli are present in the intestinal tract of human and warm-blooded animals. Most of 
them are normal components of the intestinal flora. However, certain pathogenic strains that 
carry virulence genes are capable of colonising and inducing either intestinal or extra-
intestinal disease (Orskov and Orskov, 1992; Schroeder et al., 2004). Retail foods, especially 
meat and meat products have been suggested to be important vehicles for spreading 
antimicrobial resistance and pathogenic E. coli (Johnson et al., 2003a; Klein and Bulte, 2003; 
Johnson et al., 2005a; Johnson et al., 2005b). On the other hand, Vibrio spp. have frequently 
been isolated from the marine environment and from shellfish. V. parahaemolyticus infection 
causes an acute, self-limited gastroenteritis typically characterised by diarrhoea, abdominal 
cramps, nausea, vomiting, fever, and chills. These cases are often associated with eating raw 
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or undercooked shellfish or other cooked foods that have been cross-contaminated by raw 
shellfish (DePaola et al., 1990; Daniels et al., 2000b; Dileep et al., 2003; CDC, 2006a). 
Research projects investigating the occurrence of these enteric bacteria in food samples have 
been carried out worldwide. However, this information in Vietnam has been very limited. 
Shellfish could cause a lot of enteric problems with the habit of eating grilled foods which are 
normally undercooked. 
Although most foodborne bacterial infections cause self-limiting diarrhoea, antibiotic 
treatment is needed in some cases. Antibiotics are widely used in animal husbandry practices 
not only for treating and preventing animal diseases, but also as growth promoters to improve 
animal production (Saenz et al., 2001; Teuber, 2001; White et al., 2002). This routine practice 
has the potential to promote the development of antibiotic-resistant bacteria that can then be 
transferred from animals to humans through the food chain (Angulo et al., 2004; Molbak, 
2004). Therefore, resistance to antimicrobial agents of both clinical and commensal bacteria is 
a serious problem worldwide as they are able to transfer resistance genes within and between 
bacterial species. 
Information on antimicrobial resistance phenotypes and genotypes of enteric bacteria in raw 
food is necessary as it may highlight the need for raw food hygiene and could improve the 
understanding of the antibiotic resistance epidemiology. It could also enhance prudent drug 
use. Efforts have been made to assess the antibiotic resistance problem through surveillance 
programs in human and agri-food sectors (farm level, abattoir level and retail level) in many 
countries such as in the United States, Canada, Denmark, and Norway. However, the extent of 
antimicrobial drug-resistant foodborne pathogens in many developing countries, where 
inappropriate antimicrobial usage is more common, remains unknown. In Vietnam, studies 
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about the antibiotic resistance of human isolates have been published (Anh et al., 2001; Cao et 
al., 2002; Isenbarger et al., 2002; Ehara et al., 2004; Nguyen et al., 2005a; Schultsz et al., 
2006). However, the studies about the phenotypic and genotypic characteristics of the 
antimicrobial resistance of enteric bacteria in food were very limited. This study was 
conducted to address part of this deficiency. 
The aims of the study which were investigated in this chapter are: 
• To determine the prevalence of Salmonella spp., E. coli in meat, poultry and shellfish 
and prevalence of Vibrio spp. in shellfish. The samples were collected from markets 
and supermarkets around Ho Chi Minh City, Vietnam. 
• To compare the clonal relationship of Salmonella spp. isolates by PFGE and to 
investigate the possibility of using PFGE as an alternative method for Salmonella 
serotyping. 
• To identify the phenotypic aspects of Salmonella spp, E. coli and Vibrio spp. isolates 
by antibiotic susceptibility tests against 15 antibiotics. 
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3.2. Methods 
3.2.1. Isolation and identification of Salmonella spp., E. coli and Vibrio spp.  
3.2.1.1. Samples collection  
One hundred and eighty samples comprising pork (chops) (n = 50), beef (steaks, pieces) 
(n=50), chicken (pieces and thigh) (n=30), shellfish (mussel and clam) (n=50) were purchased 
from various markets and supermarkets around Ho Chi Minh City between February and June 
2004. Forty-three samples from chicken feaces were also collected from 2 chicken farms, 
from chickens at 3-6 weeks old. All samples were collected individually in sterile polythene 
bags, kept in portable ice-chests and transported to the laboratory. Samples were tested upon 
arrival at the laboratory, and aseptic procedures were strictly applied during the analysis. For 
shellfish, undamaged samples were selected and each sample was aseptically opened using 
sterilized knife and sterilised gloved hands. The inner content (including flesh and liquor) was 
collected for analysis. 
 
3.2.1.2. Isolation and identification of Salmonella spp., E. coli and Vibrio spp. 
The isolation and identification procedures of Salmonella spp., E. coli and Vibrio spp. were 
described in Section 2.2.2.1. 
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3.2.2. DNA fingerprinting profiles of Salmonella spp. isolates using Pulsed 
Field Gel Electrophoresis (PFGE) 
PFGE was used to compare DNA fingerprinting profiles of Salmonella spp. isolates. The 
PFGE procedure was performed according to Barrett et al. (1994) with modifications. The 
procedures were as follow: one colony was inoculated in 5 mL LB-broth and incubated at 
37ºC with shaking until the absorbance reading at 600 nm (OD600 nm) was between 0.18 and 
0.25. The cells were washed with 1 mL TE, and were suspended in 400 µL PIV buffer (10 
mM Tris-HCl, 1 M NaCl, pH 7.6). The cell suspension was mixed with an equal volume of 
melted 2% Low Melting Agarose (LMA) which was prepared in PIV buffer. The mixture was 
dispensed into a sample mould and placed at 4ºC for 15 minutes to solidify the plugs. Each 
plug was transferred to 1.5 mL ESP buffer (0.5 M EDTA pH 9.0, 1% N-lauryl sarcosine and 1 
mg/ml Proteinase K) and lysed overnight in a waterbath at 50ºC with agitation. Following 
Proteinase K treatment, the plugs were washed in 2 mL of Fluoride/TE solution at 37ºC for 
2 h to inactivate Proteinase K. The plugs were then washed with TE buffer for 1 h, followed 
by three additional washes in TE buffer, 20 min per wash at room temperature with gentle 
shaking. The plugs were used immediately or stored in TE solution at 4ºC.  
The genomic DNA, in agarose plugs, was digested with 30 U of the XbaI restriction enzyme 
at 37ºC for 6 h. The plugs were then placed in 1.2% agarose gel (prepared in 0.5xTBE buffer), 
the wells with plugs were sealed with molten 1% LMA. The restriction fragments were 
separated by electrophoresis in 0.5 x TBE buffer at 14ºC for 22 h using a CHEF-DRII PFGE 
system (Bio-Rad) with a voltage of 200 V and pulse times of 2.2 s to 63.8 s. After 
electrophoresis, the gel was stained with ethidium bromide, destained in running water and 
DNA bands were visualised with UV transillumination as described in section 2.2.4.1. 
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Bacteriophage lambda DNA ladder (PFGE marker, New England Biolabs) and plugs from 
universal size standard strain Salmonella serotype Braenderup reference standard H9812 
(ATCC BAA-664) were used in each gel as a molecular weight marker. For analysis of PFGE 
data, the images were transferred to the GelCompar II software. Similarities between 
fingerprints were determined on the basis of the Dice coefficient. The dendrogram was 
generated by the unweighted pair group method using arithmetic averages. The position 
tolerance settings were 0.75% for optimisation and 1% for band position tolerance.  
Fifty one Salmonella spp. isolates from a total of 91 isolates cultured from this study were 
selected for PFGE study, in which all serogroup B and D isolates were selected. Two strains: 
S. Typhimurium DT 104 (S. DT104) and pathogenic strain S. Typhimurium 82/6915 were 
also included. Thirty seven Salmonella spp. strains which represented all PFGE fragment 
profiles were subjected to enzyme digestion and subjected to pulsed field gel electrophoresis 
again in three gels for analysis using Gel Compar II software.  
 
3.2.3. Antibiotic susceptibility tests and the detection of beta-lactamase 
production for the enteric isolates 
3.2.3.1. Antibiotic susceptibility tests for Salmonella spp., E. coli and Vibrio spp. 
isolates 
Salmonella spp., E. coli and Vibrio spp. isolates were tested for their susceptibility to 15 
antimicrobial agents by disk diffusion method as described in Section 2.2.3. Multiresistant 
was the term used for isolates which were resistant to at least four antibiotics. 
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3.2.3.2. Detection for beta-lactamase production in V. parahaemolyticus isolates  
V. parahaemolyticus isolates which showed resistance to beta-lactam antibiotics (ampicillin 
and amoxicillin), were tested for beta-lactamase production using commercial paper discs 
designed for the detection of beta-lactamase enzymes, cefinase discs (BD BBL). Procedures 
were followed according to manufacturer’s instruction. Staphylococcus aureus ATCC 29213 
was used as a positive control strain.  
 
3.3. Results and discussion 
3.3.1. The presence of Salmonella spp., E. coli and Vibrio spp. in meat, 
poultry and shellfish  
The prevalence of E. coli, Salmonella spp. and Vibrio spp. in retail shops from various 
markets and supermarkets around Ho Chi Minh City is indicated in Table 3.1. 
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Table 3.1: Prevalence of E. coli, Salmonella spp. and Vibrio spp. in retail shops 
Source No. of samples 
No. (%) of samples positive for: 
E. coli Salmonella spp. V. parahaemolyticus V. cholerae 
Chicken 30 27 (90.0) 16 (53.3) NA NA 
Beef 50 48 (96.0) 31 (62.0) NA NA 
Pork 50 49 (98.0) 32 (64.0) NA NA 
Total meat  130 124 (95.4) 79 (60.8) NA NA 
Shellfish 50 47 (94.0) 9 (18.0) 16 (32.0) 0 (0) 
NA: not analysed. 
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The frequency of E. coli contamination in chicken, beef, pork and shellfish were 90%, 96%, 
98% and 94% respectively. Overall, 95.4% of all meat and poultry samples were 
contaminated with E. coli.  
Sixty-four percent of pork samples, 62% of beef samples and 53.3% of chicken samples were 
contaminated with Salmonella spp. However, the rate of Salmonella spp. contamination in 
shellfish was only 18%, which is much lower than that in meat and poultry. 
As shellfish are filter feeders, it is known to be the habitat of Vibrio spp. This study examined 
the rate of shellfish contamination with V. parahaemolyticus and V. cholera. Fifty shellfish 
samples were examined; none of them contained V. cholera, but 32% of shellfish samples 
were contaminated with V. parahaemolyticus. 
 
3.3.1.1. E. coli in meat, poultry and shellfish 
The results of this research showed that in Ho Chi Minh city, more than 90% of raw meat and 
shellfish were contaminated with E. coli. E. coli was found less frequently in retail meats as 
compared to previous studies where in the Greater Washington, D.C., USA area, only 22% of 
retail meat samples were contaminated (Zhao et al., 2001a) and 68% of supermarket poultry 
products were contaminated by E. coli in a study in Spain (Saenz et al., 2001), and it was 
present in 76% of ground meat retailed in Monterrey, Mexico (Heredia et al., 2001). The 
national baseline microbiological survey of Australian beef carcasses and frozen boneless 
beef in 2004 found only 8.0% of the carcasses were contaminated with E. coli (Phillips et al., 
2006). On the other hand, 100% of poultry samples were found contaminated with this 
bacteria in a study in Trinidad (Rodrigo et al., 2006). E. coli is a normal inhabitant of the 
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animal intestine and is frequently present in the animal production and food processing 
environments. However, high rates of microbial contamination of retail meats with E. coli in 
this study could suggest poor hygiene at slaughter, meat processing and cross contamination 
throughout the food chain.  
Ninety-four percent of shellfish samples were contaminated with E. coli in this study. A study 
by Legnani et al. (1998) found that 12.5% of mussels and 42.1% of clams harvested in 
authorised growing areas were contaminated with E. coli. The level of faecal contamination in 
shellfish is usually estimated by determining the concentration of faecal coliforms and/or 
E. coli (Legnani et al., 1998; Lee and Morgan, 2003). This study only looked at the presence 
of E. coli in shellfish. The elevated rate of E. coli contamination in shellfish samples in this 
study implied microbiological contamination of retail shellfish and indicated the possibility of 
sewage or animal waste contamination of the water.  
 
3.3.1.2. Salmonella spp. in meat, poultry and shellfish 
The present study highlights the considerably high prevalence of Salmonella spp. in raw meat 
and poultry. The result of Salmonella spp. contamination in pork samples (64%) was in close 
agreement with Phan et al. (2005) who reported that 69.9% of the retail pork samples were 
contaminated with Salmonella spp. in the Mekong Delta, Vietnam. However, the authors 
found the level of Salmonella spp. contamination in retail beef and chicken meat samples 
were lower; the rates were 48.6% of beef samples and 21.0% of chicken meat samples. The 
present study was conducted in Ho Chi Minh City and the differences noted may include 
regional variation in the country.  
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In this study, it was observed that the rate of Salmonella spp. contamination was lower in 
poultry than that in pork and beef. This might be due to slaughter practices in Vietnam, beef 
and pork sold at supermarkets were cleaned at a slaughterhouse then distributed for selling. 
On the other hand, poultry were normally slaughtered and eviscerated at the market by sellers 
rather than at slaughters, therefore less steps were involved in the food chain which could help 
to reduce chance of cross contamination.  
It seems that the rate of Salmonella spp. contamination in retail meat and poultry were 
reported at lower rates in more developed countries. Fifty-three percentage of poultry samples 
were contaminated with Salmonella spp. in this study, compared to: 25-29% in United 
Kingdom (Plummer et al., 1995; Harrison et al., 2001); 2.8- 26.4% in Ireland (Duffy et al., 
1999; Jordan et al., 2006); 13.2% in the Netherlands (van Pelt et al., 2003); 35.83% in Spain 
(Dominguez et al., 2002); 36.5% in Belgium (Uyttendaele et al., 1999); 36% in Korea (Chung 
et al., 2003); and 35.5% in Malaysian poultry (Rusul et al., 1996). However, the rate was 60% 
in Portugal (Antunes et al., 2003). Similarly, the rates of Salmonella contamination in pork 
and beef were also reported higher in developing countries compare to that of developed 
countries (Duffy et al., 1999; Duffy et al., 2001; Zhao et al., 2001a; Angkititrakul et al., 2005; 
Padungtod and Kaneene, 2006; Stevens et al., 2006). Sampling procedures, different sample 
types (e.g. fresh versus frozen, whole birds versus pieces), bacterial isolation and 
identification methods could affect the prevalence of such bacterial spp. (Bryan and Doyle, 
1995; Uyttendaele et al., 1999; Jorgensen et al., 2002; Pangloli et al., 2003). In addition, 
better equipment in slaughter operation, improvements of processing practices, better 
transport systems in developed countries could also help to reduce the level of bacterial 
contamination.  
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In this study, it was found that 18% of shellfish samples were contaminated with 
Salmonella spp. The rates of shellfish contamination with this pathogen were lower than that 
of pork and poultry. It is expected, since the natural habitat of Salmonella spp. is the 
gastrointestinal tract of mammals, birds or reptiles (Pelzer, 1989), that cross contamination 
could occur throughout the food chain, leading to a high prevalence of this pathogen were 
observed in meats and poultry. On the other hand, shellfish is contaminated with 
Salmonella spp. through faecal contamination and some Salmonella spp. could not survive 
long under low nutrient conditions in water. They may also be inhibited by the higher salt 
concentration in the marine environment. 
Salmonella spp. contamination in molluscan shellfish samples, which were from markets or 
from shellfish harvest areas in developed countries were reported to have lower rates as 
compared to this finding (Wilson and Moore, 1996; Ripabelli et al., 1999; Heinitz et al., 
2000; Brands et al., 2005; Normanno et al., 2006). On the other hand, the rate from this study 
(18%) was comparable to that reported rate in India (20%) (Kumar et al., 2003). The 
relatively low incidence of Salmonella spp. in shellfish in developed countries could be due to 
the improved sewage and wastewater treatment systems and the well controlled aquatic 
environment. Factors such as rain, storms, hurricanes could cause the increase the prevalence 
of Salmonella spp. in shellfish as these allow sewage and other contaminated materials to 
flow into the water (Mohamed Hatha and Lakshmanaperumalsamy, 1997; Martinez-Urtaza et 
al., 2003; Brands et al., 2005). However, in this study, this could not be the case for the high 
level of Salmonella spp. contamination in shellfish as rain was not noted during the shellfish 
collection period, but the likelihood of sewage making its way into the water system is an ever 
present problem. It has been reported that there was an increase in Salmonella spp. isolation 
during summer due to warm temperature of the water (Martinez-Urtaza et al., 2003; Brands et 
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al., 2005). In this study, the shellfish samples were collected in April, which is the hottest 
month in Ho Chi Minh City. Therefore this could affect the high isolations rates of 
Salmonella spp. in shellfish. Since shellfish are often eaten raw or after minimal cooking, the 
results emphasize that shellfish should be cooked properly to prevent illness. 
 
3.3.1.3. Vibrio spp. in meat, poultry and shellfish 
V. parahaemolyticus is a natural inhabitant of marine waters. It has been implicated as a major 
cause of foodborne illness around the world (Tuyet et al., 2002; McLaughlin et al., 2005; 
CDC, 2006c). Human infections are most commonly associated with the consumption of raw, 
undercooked or contaminated shellfish or other cooked foods that have been cross-
contaminated by raw shellfish (Rippey, 1994; Yeung and Boor, 2004; CDC, 2006a). In a 
study about V. parahaemolyticus contamination of imported seafood to Taiwan, 21.1-44.3% 
of seafood samples of different types imported from Vietnam were contaminated with 
V. parahaemolyticus (Wong et al., 1999). These results complied with this study where 16 
(32%) shellfish samples were contaminated with V. parahaemolyticus. Several authors have 
reported V. parahaemolyticus contamination in retailed shellfish or shellfish from harvest 
areas at the rates of: 4.7% in Malaysia (Elhadi et al., 2004); 1.6-7.38% in Italy (Ripabelli et 
al., 1999; Normanno et al., 2006); 10.3% in Norway (Bauer et al., 2006); 9.4% in Croatia 
(Jaksic et al., 2002); 0.8% in the Dardanelles region of Turkey (Colakoglu et al., 2006). 
However, the rate for V. parahaemolyticus contamination was high in shellfish along the 
southwest coast of India (93.87%) (Deepanjali et al., 2005). Poor temperature control from 
harvest to consumption can cause increase the number of V. parahaemolyticus. 
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Food and water has been known as a vehicle of transmission of cholerae. The disease caused 
by V. cholerae O1 and O139 results in acute diarrhoea, vomiting, and dehydration; severe, 
untreated cases could cause deaths (Rabbani and Greenough III, 1999). The disease caused by 
non-O1 V. cholerae is generally less severe, however, these organisms have been associated 
with several oyster-vectored death (Rippey, 1994). No V. cholerae was isolated from the 50 
shellfish samples in this study. The result concurs with Cavallo and Stabili (2002) who did not 
detect V. cholerae in one hundred seventy-five mussel and seawater -samples from the Mar 
Piccolo of Taranto (Ionian Sea) although the study was conducted during the spring–summer 
period, when the temperature and salinity levels are favourable to vibrios growth. In contrast, 
some studies have found the presence of V. cholerae in mussels and seafood samples at low 
rate (Ripabelli et al., 1999; Croci et al., 2001; Elhadi et al., 2004; Bauer et al., 2006). In this 
study, the small sample size might not be large enough to detect the presence of V. cholerae.  
Our results indicated that no V. cholerae was present in 50 shellfish samples but 32% of them 
were contaminated with V. parahaemolyticus. Unlike other vibrios such as V. vulnificus and 
V. mimicus, species V. parahaemolyticus can infect both immunocompromised and healthy 
people (Kaufman et al., 2002). Only short temperature abuse periods could lead to rapid 
increase in V. parahaemolyticus numbers in seafood (Morris Jr and Black, 1985). It is 
suggested that shellfish should be cooked properly before consumption. 
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3.3.2. Serogrouping and serotyping of Salmonella spp. 
All 91 Salmonella spp. isolates obtained in this study were serogrouped as a preliminary step 
to classify the isolates. All Salmonella spp. isolates in this study belong to groups B, C1, C2, 
D, E, G2 and I. The result showed that group E is the predominant group in both beef and 
pork isolates (75.0% and 87.5% respectively) (Table 3.2). It implies that group E strains were 
circulating in beef, cattle, and swine populations throughout the food chain. Serogroup B, C1 
and E were common groups as they were present in meat, poultry and shellfish samples. On 
the other hand, serogroup D, G2 and I were selectively distributed in food sources. Infact, 
serogroup D was only detected in 1 chicken and 1 shellfish isolate. Similarly, one beef isolate 
belonged to serogroup I and four chicken isolates belonged to group G2. Isolates from 
chicken contained a variety of serogroups and was distributed quite evenly: 5.6% of each 
group B and D, 22.2% of each group C1, C2, E, G2. A study by Roy et al. (2002) in the 
Pacific northwest, USA found that serogroups B and C comprised 95.25% of all the 
Salmonella spp. isolates from poultry and poultry environment.  
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Table 3.2: Distribution of ninety one Salmonella spp. isolates according to serogroups 
Serogroup 
No. (percentage) of isolates in each serogroup 
Chicken 
(18 isolates) 
Beef 
(32 isolates) 
Pork 
(32 isolates) 
Shellfish 
(9 isolates) 
Total 
Group B 1 (5.6) 6 (18.8) 1 (3.1) 2 (22.2) 10(11.0) 
Group C1 4 (22.2) 1 (3.1) 2 (6.3) 3 (33.3) 10(11.0) 
Group C2 4 (22.2) 0 (0.0) 1 (3.1) 1 (11.1) 6(6.6) 
Group D 1 (5.6) 0 (0.0) 0(0.0) 1 (11.1) 2(2.2) 
Group E 4 (22.2) 24 (75.0) 28 (87.5) 2 (22.2) 58(63.7) 
Group G2 * 4 (22.2) 0 (0.0) 0 (0.0) 0 (0.0) 4(4.4) 
Group I * 0 (0.0) 1 (3.1) 0 (0.0) 0 (0.0) 1(1.1) 
* These isolates were negative in the agglutination test against group B (4-O), C1 (6,7-O), C2 
(8-O), D (9-O), E (3,10,15,19-O) antisera. Isolates were assigned to serogroup G2 and I after 
serotyping results (classification was according to Kauffmann (1972). 
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Total 51 isolates, which covered all serogroups, were selected for PFGE study (section 3.2.2 
and 3.3.3) in which 22 isolates which represent distinct PFGE patterns were sent for 
serotyping at Microbiology Diagnostic Unit, University of Melbourne, Australia. The result of 
PFGE study and serotyping results enabled us to identify serotypes of these 51 
Salmonella spp. isolates which were summarized in Table 3.3.  
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Table 3.3: Distribution of Salmonella serotypes in meat, poultry and shellfish samples 
 Beef (11) 
Chicken 
(16) 
Pork 
(20) 
Shellfish 
(4) 
Serogroup B     
S. Typhimurium  3 1 1 1 
Salmonella subspecies I ser 4: -: 1,2  3    
S. Paratyphi B biovar Java    1 
Serogroup C1     
S. Rissen 1  2  
S. Braenderup  2   
Serogroup C2     
S. Hadar  3   
S. Albany  1   
S. Newport   1  
Serogroup D     
S. Panama  1   
S. Mowanjum    1 
Salmonella subspecies I ser 9: -: 1,5    1 
Serogroup E     
S. Lexington 2    
S. Anatum 1 1 15  
S. London   3 1  
Serogroup G2     
S. Havana  4   
Serogroup I     
S. Hull 1    
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In a study on the distribution of Salmonella serotypes in human clinical isolates in Vietnam, it 
was found that S. Typhimurium was the most predominant serovar (Vo et al., 2006c). This 
serotype has been reported to be the most frequent non-Typhi Salmonella in humans by the 
WHO Global Salm-Surv country databank (http://www.who.int/salmsurv/en/). In this study, 
S. Typhimurium has been isolated from all meat samples: beef, chicken, pork and shellfish. 
This indicates a potential health risk if these raw food samples were not properly cooked.  
There were quite variety of Salmonella serotypes in chicken samples, they were: 
Typhimurium, Braenderup, Hadar, Albany, Panama, Anatum, London, and Havana serotypes 
in 16 isolates. However, serotype S. Emek which has been reported frequently in Vietnamese 
poultry (Phan et al., 2005; Vo et al., 2006c), was not detected in this study.  
Serotypes Hadar, London and Havana were isolated from chicken samples in this study with 
high frequency. S. Hadar is also frequently isolated from poultry from other countries 
(Bokanyi Jr et al., 1990; Uyttendaele et al., 1998; Dominguez et al., 2002; Antunes et al., 
2003; Bangtrakulnonth et al., 2004; Berrang et al., 2006). It has also been isolated from 
clinical human isolates in Vietnam (Vo et al., 2006c) and it is one of the four human serotypes 
most frequently isolated in several European countries (Fisher, 2000; Czerwinrski, 2006). 
S. London was found in chicken (3/16 isolates) and pork (1/20 isolates) in this study. The 
result is in agreement with other findings (Vo et al., 2006c; Phan et al., 2005). The presence 
of S. Havana serotype was detected in chicken samples. This serotype has been reported in 
pork and poultry in Mexico (Zaidi et al., 2006), in Australian poultry (Soerjadi-Liem and 
Cumming, 1984) and in human diarrhoea in Iran (Jafari et al., 1994) but this serotype has not 
been detected previously in meat and livestock in Vietnam (Tran et al., 2004; Phan et al., 
2005; Vo et al., 2006c). S. Braenderup was detected in chicken samples, this result was in 
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agreement with other authors who also found this serotypes in poultry samples (Tran et al., 
2004; Jordan et al., 2006). Several countries in Asia, Africa and Latin America and Caribbean 
reported S. Braenderup in their top 10 most common serotypes in human isolates (Galanis et 
al., 2006), suggesting the possibility of transfer of this serotype from poultry to human.  
There were only two isolates assigned to serogroup D out of 91 Salmonella spp. isolated in 
this study. When serotyped, these two strains were S. Panama and S. Mowanjum, therefore no 
S. Enteritidis (serogroup D) were cultured in this study. This result complied with the findings 
of Vo et al. (2006c) and Tran et al. (2004). In contrast, S. Enteritidis was frequently found to 
predominate from poultry products in European countries (Plummer et al., 1995; Carraminana 
et al., 1997, Arvanitidou et al., 1998; Uyttendaele et al., 1998; Dominguez et al., 2002; 
Antunes et al., 2003; Czerwinrski, 2006), and Vietnamese neighbouring countries such as 
Malaysia and Thailand (Rusul et al., 1996; Bangtrakulnonth et al., 2004). A study by Vo et al. 
(2006c) found that 12.5% of Salmonella human isolates from Vietnam were S. Enteritidis. In 
Asia, S. Enteritidis accounts for 38% of human isolates but occupy only 7% of non-human 
(food, animal, environmental, and feed sources) isolates in 2002 (Galanis et al., 2006), 
suggesting that human S. Enteritidis infections in Vietnam and in Asia may come from 
sources other than food.  
S. Panama has been reported as the cause of a number of outbreaks in different countries 
(Soto et al., 2001) and has been reported in humans and pigs in Vietnam (Vo et al., 2006c). 
This serotype has been isolated from chicken meat in this study. Furthermore, Asia was the 
only region to report S. Panama from a non-human source to the WHO global Salm-Surv 
country databank, 2000-2002, reflecting an ecology niche or local food source which is not 
exported (Galanis et al., 2006). It has been found that this serotype has been on the increase in 
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human isolates in Thailand and may be related to the increase among food products in that 
country (Bangtrakulnonth et al., 2004). The situation in Vietnam could become similar to 
Thailand if the contamination sources of Salmonella spp. in Vietnamese meat products have 
not been minimised.  
S. Anatum was predominant in pork meat in this study (15 isolates/20 isolates). This serotype 
has always been one of the most important causes of salmonellosis in Thailand 
(Bangtrakulnonth et al., 2004) and one of the most common non-human serotypes in Asia and 
Africa (Chen et al., 2006; Galanis et al., 2006). There was a high level of Salmonella spp. 
contamination in pork in this study and it was also found that S. Anatum was predominant in 
Salmonella spp. pork isolates (75%), suggesting that certain measures should be taken to 
reduce the contamination level in raw meat to reduce the spread of this pathogen in the 
community. 
S. Rissen has been detected in beef and pork samples. In Asia, S. Rissen was one of the most 
common Salmonella serotypes reported to be isolated from human. It was the third highest 
after S. Enteritidis and S. Typhimurium (Galanis et al., 2006). This serotype has been reported 
to have increased in both human and non-human sources (Bangtrakulnonth et al., 2004; 
Angkititrakul et al., 2005; Galanis et al., 2006). This suggests that pork and beef may both be 
important sources of salmonellosis in Asia. 
Salmonella subspecies I ser 4: -: 1,2, S. Lexington, and S. Hull were unique serotypes of beef 
isolates in this study. S. Lexington is a pathogen and is in the list of the 25 most common 
serovars of Salmonella spp. isolated from infected humans reported annually, 1993–2002, 
Thailand. Serovar Newport has a wide range of hosts and it is an emerging Salmonella 
serotype associated with human salmonellosis (Clegg et al., 1983, Inami and Moler, 1999, 
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Van Beneden et al., 1999; Brands et al., 2005). This serotype was isolated from pork samples 
in this study. The presence of this human pathogen in uncooked Vietnamese meat and poultry 
could pose a human health hazard.  
To our knowledge, this is the first report of Salmonella serotypes in shellfish in Vietnam, with 
four serotypes detected: S. Typhimurium, S. Paratyphi B biovar Java, S. Mowanjum 
[6,8:z:1,5], and Salmonella subspecies I ser 9: -: 1,5. The study showed that serotypes in 
shellfish were different from those in meats and poultry, except S. Typhimurium which was 
common serotype. It is expected, as shellfish are able to accumulate any contaminated 
material from their living environment. That could also be the reason that predominant 
serotypes of Salmonella spp. isolated from shellfish were different from country to country 
(Kaper et al., 1977; Wilson and Moore, 1996; Mohamed Hatha and Lakshmanaperumalsamy, 
1997; Baudart et al., 2000; Heinitz et al., 2000; Martinez-Urtaza et al., 2003, Brands et al., 
2005). S. Typhimurium was recovered from shellfish in this study, and also in other countries. 
This serotype is one of the most prevalent serotypes isolated from humans and animals. Its 
ability to survive for long periods in low-nutrient seawater (Galdiero et al., 1994; Martinez-
Urtaza et al., 2003) could be the explanation for its presence in shellfish in most studies. It 
may also reflect the high level of faecal or animal waste that may be washing into the shellfish 
growing areas. 
S. Paratyphi B biovar Java infection has been reported in several countries (Riley et al., 1992; 
Gaulin et al., 2002; Bangtrakulnonth et al., 2004; Han et al., 2006; Musto et al., 2006). This 
serotype has been frequently isolated from chicken in Thailand (Bangtrakulnonth et al., 2004) 
and reported to be present in aquariums in Australia, Canada and Singapore (Riley et al., 
1992; Gaulin et al., 2002; Musto et al., 2006), and in alfalfa sprouts in Canada (Stratton et al., 
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2001). The presence of this serotype in shellfish suggested that shellfish should be cooked 
well before consumption to prevent foodborne salmonellosis. 
 
3.3.3. Use of PFGE as a genotyping method for detection of genetic diversity 
of Salmonella spp. food isolates and as alternative method for 
serotyping Salmonella spp. isolates 
PFGE has been proved as an advanced method for the clustering and differentiation of many 
bacterial pathogens (Arbeit et al., 1990; Barrett et al., 1994; Cameron et al., 1994; Fitzgerald 
et al., 2001; McDougal et al., 2003). In this study, PFGE using the restriction enzyme XbaI 
was used to detect genetic relatedness among Salmonella spp. isolates from different food 
sources and also to assess whether it can be used as an alternative method for serotyping 
Salmonella spp. isolates.  
Fifty-one Salmonella spp. strains were selected for the PFGE study. All isolates were typable, 
generating fingerprints with 12 to 19 bands. Thirty seven Salmonella spp. strains which 
represented all the PFGE fragment profiles were run in the same gels for analysis using Gel 
Compar II software (Figure 3.1). There were isolates which have identical PFGE patterns 
(patterns with the same size and same number of bands) as indicated in Table 3.4.  
The dendrogram generated after analysis is illustrated in Figure 3.2. The information about 
degree of similarity, sources, serogroups, serotypes, and resistance patterns of the isolates 
were also included in Figure 3.2. PFGE types were classified based on an 85% similarity level 
index and the results indicated the presence of 19 main types (designated from A to S). There 
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were 33 distinct PFGE patterns (types and subtypes) obtained from 51 Vietnamese 
Salmonella spp. isolates.  
It should be highlighted that twenty two isolates which covered all PFGE types (A to S) were 
serotyped by the Melbourne Department of Diagnostic Unit, University of Melbourne, 
Australia. Other isolates were assigned to serotypes based on the results of this PFGE study as 
the band size and number of PFGE patterns of the isolates were compared and isolates with 0-
3 fragment differences, were considered to be closely related according to Tenover et al. 
(1995), and were then grouped into the same serotype. 
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Figure 3.1: PFGE gels which were used for Gel Compar analysis 
M: Lambda ladder for PFGE; R: reference strain (Salmonella serotype Braenderup reference 
standard H9812 (ATCC BAA-664)); Lane 1-40: strains S. DT104, S/C/21a, S/C/1a, S/C/9a, 
S/C/30a, S/P/26, S/P/27, S/SF/4, S/SF/9, S/C/27, S. Typhimurium 82/6915, S/C/10a, S/B/5a, 
S/B/17, S/P/9, S/B/10a, S/B/4a, S/SF/1a, S/C/5, S/B/21a, S/C/3, S/P/16, S/C/22a, S/B/1b, 
S/P/15, S/B/19a, S/P/7, S/P/11, S/P/13, S/P/24, S/P/3, S/P/5a, S/P/18, S/P/17, S/P/21, S/P/11, 
S/P/23, S/P/25b, S/P/29, S/P/30a respectively. 
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Table 3.4: Salmonella spp. isolates which have identical PFGE patterns 
PFGE 
group Isolate Sources Serogroup Serotype Resistance pattern 
1 S/B/17 Beef B Salmonella subspecies I 
ser 4: -: 1,2 
Sensitive 
1 S/B/23 Beef B Salmonella subspecies I 
ser 4: -: 1,2 
Sensitive 
1 S/B/24 Beef B Salmonella subspecies I 
ser 4: -: 1,2 
Sensitive 
2 S/C/1a Chicken C1 S. Braenderup ENR 
2 S/C/12 Chicken C1 S. Braenderup ENR, NAL 
3 S/C/30a Chicken C2 S. Hadar TET, NAL 
3 S/C/20 Chicken C2 S. Hadar TET, NAL 
4 S/C/5 Chicken G2 S. Havana AMP, GEN, CHL, 
SUL, AMX 
4 S/C/9b Chicken G2 S. Havana AMP, AMX 
4 S/C/11 Chicken G2 S. Havana ENR 
4 S/C/22b Chicken G2 S. Havana AMP, AMX 
5 S/P/15 Pork E S. Anatum AMP, TET, NAL,AMX 
5 S/P/28 Pork E S. Anatum AMP, TET, AMX 
6 S/B/10a Beef B S. Typhimurium Sensitive 
6 S/B/7 Beef B S. Typhimurium Sensitive 
6 S/B/4a Beef B S. Typhimurium Sensitive 
7 S/P/9 Pork B S. Typhimurium AMP, TET, GEN, SUL, 
TRI, STR, KAN, AMX 
7 S/SF/8a Shellfish B S. Typhimurium TET, TRI, KAN 
8 S/P/26 Pork C1 S. Rissen TET 
8 S/B/20 Beef C1 S. Rissen TET 
8 S/P/10 Pork C1 S. Rissen TET, SUL 
9 S/C/3 Chicken E S. London TET, SUL, STR, ENR, 
NAL 
9 S/C/19 Chicken E S. London Sensitive 
9 S/C/23b Chicken E S. London TET, SUL, STR 
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Figure 3.2: Dendrogram generated by the Gel Compar II software showing the relationship of DNA fingerprinting 
profiles of Salmonella spp. isolates. The analysis of the bands generated was performed using the Dice coefficient and 
unweighted pair group method with arithmetic averages. The degree of similarity (%) is shown on the scale. 
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The results in Figure 3.2 show the genetic diversity of Salmonella spp. isolates. The lowest 
relation between this Salmonella spp. population is at 50% similarity. The J type was made up 
predominantly of isolates from pork, all of them belong to serogroup E, and only 1 of 15 
isolates was from a beef source in this cluster. In addition, some of these isolates were 
multiresistant and had closely similar antibiotic resistance patterns, which indicates a close 
genetic relationship between the Salmonella spp. isolates from pork. Interestingly there was a 
S. Typhimurium isolate from chicken (S/C/10a) which showed 96% similarity to the 
pathogenic S. Typimurium strain 82/6915 from Australia (Figure 3.2). This implies clonally 
high relatedness between food isolate from Vietnam and pathogenic isolate from Australia. It 
can be concluded from Table 3.4 that there were isolates with identical PFGE patterns, 
although they were isolated from different sources. The result suggests that there were 
circulating strains or clonal relationship between different populations. 
Most isolates of the same serogroups E and B were placed together in the dendrogram, except 
some isolates showing a high degree of polymorphism (such as serogroup B isolates which 
have PFGE types A and B were distributed across the main types of O and P; similarity, 
serogroup E isolates having PFGE types Q and S were distributed across from the main types 
J and K. However, this is expected as further serotyping results showed that these isolates 
belong to different serotypes compared to that of isolates in the main clusters: serotypes of 
isolates in PFGE types A and B were Salmonella subspecies I ser 4: -: 1,2 and S. Paratyphi B 
biovar Java respectively whereas that of the main types O and P were S. Typhimurium; or 
serotypes S. Lexington and S. London were in cluster Q and S whereas isolates of PFGE types 
J and K were S. Anatum. This observation showed that the PFGE method could differentiate 
isolates within the same serogroup. Moreover, the result also show the advantage of PFGE 
over serotyping as it could differentiate between isolates from the same serotypes, in this case 
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the PFGE method could differentiate two S. Hadar isolates into two PFGE types D and E of 
74% similarity or serotype Anatum were classified into J1-J11 and K1-2 PFGE subtypes. 
These data support the findings of other investigators that PFGE, with XbaI restriction 
endonuclease, is a sensitive method for fingerprinting diverse Salmonella serotypes (Liebana 
et al., 2001; Refsum et al., 2002; White et al., 2003; Wonderling et al., 2003; Nayak et al., 
2004; www://www.cdc.gov/pulsenet/).  
PFGE profiles showed good correlation with serotypes and in some instances, antimicrobial 
resistance profiles. As indicated from the dendrogram, isolates S/P/3, S/P/17 and S/P/18 with 
PFGE patterns J2, J3, J3 have the same resistance pattern; or isolates S/C/3 and S/P/16 with 
PFGE patterns of S1 and S2, both having resistance pattern of TET, SUL, STR, ENR, NAL 
and Table 3.4 shows isolates S/C/30a and S/C/20; isolates S/P/26 and S/B/20 have the same 
PFGE and resistance patterns.  
Some studies suggest the use of PFGE for differentiation of Salmonella spp. isolates which 
are known to belong to the same serotype (On and Baggesen, 1997; Punia et al., 1998; 
Liebana et al., 2001; Nayak et al., 2004; Weigel et al., 2004). It was noted from this study that 
only isolates with the same serotypes had the same PFGE types, such as type K only 
contained serotype S. Anatum, type O contained S. Typhimurium, and type P contained 
S. Typhimurium. It is proposed that the PFGE method could be used as an alternative method 
for typing Salmonella isolates when dealing with large number of isolates. It is suggested that 
isolates should be screened first with PFGE method, allowing grouping of isolates based on 
PFGE patterns and with the help of PFGE analysis programme; then only isolates 
representing for each PFGE type should be further serotyped. The use of PFGE method as an 
alternative for serotyping could reduce the expensive cost of serotyping. However, the 
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protocol and interpretation of PFGE patterns should be standardised to assist the 
reproducibility between batches and laboratories. Analysis Gel Compar II software, which 
was used in this study, is one of the candidates for PFGE analysis programme (Liebana et al., 
2001). 
 
3.3.4. Antibiotic resistance of Salmonella spp., E. coli and Vibrio spp. 
3.3.4.1. Antibiotic resistance of Salmonella spp. 
All 91 Salmonella spp. isolates recovered from beef (32 isolates), pork (32 isolates), poultry 
(18 isolates) and shellfish (9 isolates) were tested for their resistance to antimicrobial agents. 
Figure 3.3 represents the rates of resistance to each antibiotic from each food source and 
Table 3.5 shows details of the percentage of Salmonella spp. isolates which were resistant, 
intermediate resistant and susceptible to different antibiotics. 
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Figure 3.3: Resistance of Salmonella spp. Iso lates of difference origins to antibiotics 
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Table 3.5: Percentage of Salmonella spp. isolates which were resistant, intermediate resistant and susceptible to different antibiotics 
Sources  
AMP 
(%) 
AML 
(%) 
AMC 
(%) 
TET 
(%) 
SUL 
(%) 
KAN 
(%) 
GEN 
(%) 
STR 
(%) 
NOR 
(%) 
ENR 
(%) 
CIP 
(%) 
NAL 
(%) 
CHL 
(%) 
CEP 
(%) 
TRI 
(%) 
 R 50.0 50.0 0.0 78.1 18.8 3.1 3.1 15.6 0.0 12.5 0.0 25.0 0.0 0.0 3.1 
Pork I 0.0 0.0 0.0 3.1 9.4 0.0 0.0 37.5 0.0 9.4 0.0 28.1 0.0 0.0 3.1 
 S 50.0 50.0 100.0 18.8 71.9 96.9 96.9 46.9 100.0 78.1 100.0 46.9 100.0 100.0 93.8 
  R 0.0 0.0 0.0 12.5 9.4 0.0 0.0 6.3 0.0 0.0 0.0 6.3 0.0 0.0 0.0 
Beef I 3.1 3.1 0.0 0.0 12.5 0.0 0.0 31.3 0.0 6.3 0.0 0.0 0.0 0.0 0.0 
 S 96.9 96.9 100.0 87.5 78.1 100.0 100.0 62.5 100.0 93.8 100.0 93.8 100.0 100.0 100.0 
 R 22.2 22.2 0.0 38.9 33.3 0.0 5.6 27.8 0.0 22.2 0.0 38.9 11.1 0.0 5.6 
Chicken I 0.0 0.0 5.6 0.0 22.2 0.0 0.0 27.8 0.0 50.0 0.0 33.3 0.0 0.0 0.0 
 S 77.8 77.8 94.4 61.1 44.4 100.0 94.4 44.4 100.0 27.8 100.0 27.8 88.9 100.0 94.4 
  R 0.0 0.0 0.0 11.1 0.0 11.1 0.0 11.1 0.0 0.0 0.0 0.0 0.0 0.0 11.1 
Shellfish I 0.0 0.0 0.0 0.0 22.2 0.0 0.0 22.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
 S 100.0 100.0 100.0 88.9 77.8 88.9 100.0 66.7 100.0 100.0 100.0 100.0 100.0 100.0 88.9 
  R 22.0 22.0 0.0 40.7 16.5 2.2 2.2 14.3 0.0 8.8 0.0 18.7 2.2 0.0 3.3 
Total I 1.1 1.1 1.1 1.1 14.3 0.0 0.0 31.9 0.0 15.4 0.0 16.5 0.0 0.0 1.1 
 S 76.9 76.9 98.9 58.2 69.2 97.8 97.8 53.8 100.0 75.8 100.0 64.8 97.8 100.0 95.6 
R: Resistant; I: Intermediate resistant; S: Sensitive. 
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In general, our findings are similar to other studies in many countries showing that Salmonella 
spp. isolates in retail meats were commonly resistant to multiple antibiotics, including 
tetracycline, ampicillin, sulfonamides and streptomycin (Poppe et al., 2001; White et al., 
2001; White et al., 2003; Chen et al., 2004a; Wilson, 2004; Johnson et al., 2005a; Johnson et 
al., 2005b). This suggests the common uses of these antibiotics in animal husbandry in many 
countries. In addition to these antibiotics, the results also showed that resistance of Salmonella 
spp. isolates to nalidixic acid, a first generation quinolones, was particularly high in Vietnam, 
reflecting widespread use of this antibiotic in animal husbandry.  
Resistance was absent in all strains to ciprofloxacin and norfloxacin. Other studies also found 
chicken and meat isolates were susceptible to ciprofloxacin (Martel et al., 2000; White et al., 
2001; Antunes et al., 2003; Wilson, 2004; Chen et al., 2004a; Berrang et al., 2006; Stevens et 
al., 2006). However, resistance of Salmonella spp. to enrofloxacin was observed in this study, 
with the rates of 12.5% and 22.2% in pork and chicken isolates respectively. Resistance to 
enrofloxacin was also observed in poultry products in Portugal (Antunes et al., 2003). A study 
on the uses of antibiotics in different pig and chicken farms in Vietnam has shown that 58.8% 
of pigs’ farms and 84.2% of chicken farms used enrofloxacin. The same study also found that 
farmers normally overuse antibiotics and the treatment of disease is normally reliant on their 
own experience (Nguyen, 2004c). These practices might lead to resistance to enrofloxacin as 
observed in this study. The resistance rate of Salmonella spp. isolates to nalidixic acid was 
highest in Salmonella isolated from chicken (38.9%), but also occurred in pork and beef 
isolates (25.0% and 6.3% respectively). Nalidixic acid resistance in food animal isolates of 
Salmonella spp. have emerged in recent years and has been reported in many countries 
(Malorny et al., 1999; Wiuff et al., 2000; Antunes et al., 2003; Berrang et al., 2006). In 
contrast, all Salmonella spp. isolates recovered from retail foods in the Washington, D.C., 
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from retail beef in Senegal, from retail chicken in the UK were susceptible to this antibiotic 
(Chen et al., 2004a; Wilson, 2004; Stevens et al., 2006), or resistant at a very low level 
(2.5%) in the Netherlands (van Leeuwen et al., 1979). Fluoroquinolones are the treatment of 
choice for infections due to Salmonella spp. (Cherubin and Eng, 1991; Graninger et al., 
1996). There are studies suggesting that fluoroquinolones may have an impaired effect for 
treating infections due to Salmonella spp. strains that have been determined to be 
fluoroquinolone susceptible, but are resistant to nalidixic acid (Wain et al., 1997; Aarestrup, 
1999; Carnevale et al., 2000; Cebrian et al., 2003; Stevenson et al., 2007). Therefore, the high 
level of nalidixic acid resistance in this study is of special concern as it may lead to the loss of 
therapeutic usefulness of floroquinolone.  
The high rate of tetracycline resistance in Salmonella spp. isolated from pork and chicken 
(78.1% and 38.9% respectively) in this study concurs with the result of other studies which 
were carried out in Ireland, Thailand and The United States (Duffy et al., 1999; Chen et al., 
2004a; Padungtod and Kaneene, 2006). This incidence is much higher than that reported from 
some other countries such as Spain (Carraminana et al., 2004), USA (Berrang et al., 2006), 
Greece (Arvanitidou et al., 1998) and Canada (Poppe et al., 1996). A study carried out by  van 
Leeuwen et al. (1979) showed that prohibiting the use of tetracycline in feeds leads to a 
noticeable decrease in resistance to Salmonella strains. Tetracyclines have been used as 
growth promoters for decades and are still being used today in many countries (Wegener, 
2003). Therefore high bacterial resistance to tetracycline suggested the excess uses of these 
antibiotics in agriculture.  
None of the Salmonella spp. beef isolates were resistant to ampicillin, which is similar to the 
finding in Senegalese beef (Stevens et al., 2006). However, the frequency of ampicillin 
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resistance in Salmonella spp. isolates from chicken and pork were at 22.0% and 50% 
respectively. These results comply with the findings of Gebreyes et al. (2004) and Chen et al. 
(2004a) but were much higher than the findings by Duffy et al. (1999) as they reported a rate 
of 7.63%. In contrast, other studies which were carried out in Thailand and Spain found that 
all Salmonella spp. isolates from retail chicken and pork were sensitive to this antibiotic 
(Carraminana et al., 2004; Padungtod and Kaneene, 2006). Resistance to antibiotics is usually 
not limited to a single drug, but can also include other structurally-related compounds of the 
same class (Schwarz et al., 2001b). Therefore, Salmonella spp. isolates that were resistant to 
ampicillin in this study were also resistant to amoxicillin. None of the isolates from meat, 
poultry and shellfish were resistant to augmentin (amoxicillin-potassium clavulanate) and 
cephalothin. Although some studies have reported the identification of resistant Salmonella 
spp. strains from retail meat and poultry to these antibiotics (Chen et al., 2004a; Carraminana 
et al., 2004, Johnson et al., 2005a, Berrang et al., 2006, Chen et al., 2006). None of the 
Salmonella spp. isolates was resistant to augmentin and cephalothin in this study suggested 
that this antibiotic is still not being widely used in Vietnam.  
The Salmonella spp. isolates from beef showed less resistance than those from pork and 
poultry. In fact, none of the beef isolates were resistant to ampicillin, enrofloxacin and 
trimethoprim although such resistances were detected in pork and poultry isolates. Lower 
resistance level to tetracycline, sulphafurazole, streptomycin and nalidixic acid is always 
observed in beef isolates as compared to chicken and pork isolates. A possible explanation for 
these observations is that because of farming practices in Vietnam where pigs and poultry are 
intensively reared, whereas beef cattle are more free range. The intensive farming could lead 
to higher transfer rates of multi resistant strains within a herd. 
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There was 11.1% of Salmonella spp. isolates from chicken resistance to chloramphenicol 
whereas none were observed in pork and beef. Susceptibility of beef isolates to this antibiotic 
was also reported by Stevens et al. (2006). Chloramphenicol resistance of Salmonella spp. 
isolates from meat and poultry were observed by other studies with the rate 11-21% (Duffy et 
al., 1999; Chen et al., 2004a; Gebreyes et al., 2004). Chloramphenicol has been banned from 
use in food-producing animals but resistance to chloramphenicol still occurs in chicken 
isolates. As isolates resistant to chloramphenicol show resistance to other antibiotics, 
suggesting that the use of other antibiotics appears to drive or maintain chloramphenicol 
resistance, which is often a part of a large gene clusters that encode for multidrug resistance 
(Collignon, 2000). 
The frequencies of resistance to sulphafurazole, an antibiotic from the sulfonamides group, in 
Salmonella spp. isolates from chicken, pork and beef were 33.3%, 18.8% and 9.4% 
respectively. Resistance to sufonamide antibiotics is very common in Salmonella spp. isolated 
from food animals and has been observed in different countries (Duffy et al., 1999; Poppe et 
al., 2001; White et al., 2001; Carraminana et al., 2004; Chen et al., 2004a; Wilson, 2004; 
Johnson et al., 2005a; Berrang et al., 2006; Stevens et al., 2006). This study also found that 
the resistance rate to streptomycin was relatively high in chicken isolates (27.8%). The result 
was similar to those reported in retail chicken in USA (Berrang et al., 2006), in UK (Wilson, 
2004), but lower than those reported in Irish retail meat and poultry samples (80.9%) (Duffy 
et al., 1999).  
Salmonella spp. isolates from all food sources displayed multiresistant characteristics. Table 
3.6 shows the percentage of isolates from each source have resistance to different numbers of 
antibiotics: 0, at least 1 and at least 4 antibiotics (multiresistance). Comparing among food 
CHAPTER 3: THE DETECTION OF ENTERIC BACTERIA IN MEAT, POULTRY AND SHELLFISH FROM VIETNAM 
AND THEIR ANTIBIOTIC RESISTANCE CHARACTERISTICS 
 
 
   
 
 
116 
types, chicken isolates showed the least sensitivity to antibiotics where 88.9% isolates showed 
resistance to at least 1 antibiotic.  
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Table 3.6: Percentage of resistance to different numbers of antibiotics in Salmonella spp. 
isolates 
No. of 
antibiotics 
Sources 
Pork (%) Beef (%) Chicken (%) Shellfish (%) Total (%) 
0 21.9 87.5 11.1 88.9 49.5 
≥ 1 78.1 12.5 88.9 11.1 50.5 
≥ 4 28.1 6.3 16.7 11.1 16.5 
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It was found that 78-89% of strains isolated from pork and poultry were resistant to one or 
more antibiotics. This level was much higher than that obtained by Arvanitidou et al. (1998) 
in Greece or by Seyfarth et al. (1997) in Denmark, but lower than that reported from 
Carraminana et al. (2004) in Spain. Multiresistant Salmonella spp. isolates were observed in 
all food types. The rates were 28.1%, 16.7%, 11.1%, and 6.3% in pork, chicken, shellfish and 
beef isolates respectively. A study by Wilson (2004) found that 13% of isolates from British 
chicken samples were resistant to 4 or more antibiotics and a study in USA about retail 
chicken found 21% of the isolates were resistant to 4 or more antibiotics (Berrang et al., 
2006). However, the level of multiresistance could not be compared between countries due to 
the different antibiotics which were used for testing. 
All multiresitant isolates of Salmonella spp. are displayed in Table 3.7. Multiresistance was 
predominant in serogroup E isolates, including S. London, S. Albany and highest in S. 
Anatum. This study noticed the predominance of serotype S. Anatum in pork samples 
(Section 3.3.2), in addition, highly multiresistance characteristics of this serotype is alarming, 
as this serotype is reported to be a foodborne pathogen (Bangtrakulnonth et al., 2004, Galanis 
et al., 2006). 
There were a S. Typhimurium isolate from pork showed resistance to 8 antibiotics, including 
ampicillin, tetracycline, gentamycin, sulphafurazole, trimethoprim, streptomycin, kanamycin 
and amoxicillin. A serogroup C2 isolate (S. Albany) and a serogroup G2 isolate (S. Havana) 
were resistant to 7 and 6 antibiotics respectively. Resistance to tetracycline, 
ampicillin/amoxicillin, sulphafurazole, nalidixic acid and streptomycin were the common 
features of these multiresistant isolates. 
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Table 3.7: Information about antibiotic resistance, serogroups, and serotypes of all 
Salmonella spp. multiresistant isolates 
Isolates 
So
ur
ce
 
A
M
P 
T
E
T
 
G
EN
 
C
H
L 
SU
L
 
TR
I 
ST
R
 
K
A
N
 
N
A
L
 
E
N
R
 
A
M
L
 
T
ot
al
 
Serotype (Group) 
S/C/3 C  ?   ?  ?  ? ?  5 S. London (E) 
S/C/5 C ?  ? ? ?      ? 5 S. Havana (G2) 
S/C/21a C ? ?  ? ? ?   ?  ? 7 S. Albany (C2) 
S/B/19a B  ?   ?  ?  ?   4 S. Anatum (E) 
S/P/3 P ? ?       ? ? ? 5 S. Anatum (E) 
S/P/5a P ? ?       ?  ? 4 S. Anatum (E) 
S/P/7 P ? ?       ?  ? 4 S. Anatum (E) 
S/P/9 P ? ? ?  ? ? ? ?   ? 8 S. Typhimurium (B) 
S/P/15 P ? ?       ?  ? 4 S. Anatum (E) 
S/P/16 P  ?   ?  ?  ? ?  5 S. London (E) 
S/P/17 P ? ?       ? ? ? 5 S. Anatum (E) 
S/P/18 P ? ?       ? ? ? 5 S. Anatum (E) 
S/P/24 P ? ?   ?  ?    ? 5 S. Anatum (E) 
Isolates which was resistant was given symbol?; C: Chicken; B: Beef; P: Pork. 
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One S. Typhimurium isolate from shellfish was resistant to 3 antibiotics, including 
tetracycline, kanamycin and trimethoprim (Isolate S/SF/8a). This isolate could come from 
human or animal excretion and then contaminated water surrounding where the shellfish live. 
A study by Martinez-Urtaza et al. (2004) also found multiresistant resistant Salmonella spp. 
isolates in coastal waters of Galicia, Spain. The presence of resistant S. Typhimurium isolates 
in shellfish could possess a risk if raw or undercooked shellfish is consumed. 
Table 3.8 compares antibiotic resistance patterns of Salmonella spp. isolates among 
serogroups. The table also shows the percentage of isolates in each serogroups which 
displayed resistant to at least one antibiotic tested. A total of 21 resistance patterns were 
observed among 91 Salmonella spp. strains recovered in this study.  
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Table 3.8: Antibiotic resistance patterns of Salmonella spp. isolates of different 
serogroups 
Antibiotic resistance patterns 
Salmonella serogroup (number) 
Total B (10) 
E 
(58) 
C1 
(10) 
C2 
(6) 
G2 
(4) 
D 
(2) 
I 
(1)
AMP, TET, GEN, SUL, TRI, STR, 
KAN, AMO 
1 1       
AMP, TET, CHL, SUL, TRI, NAL, 
AMO 
1    1    
AMP, GEN, CHL, SUL, STR, 
AMO 
1     1   
TET, SUL, STR, NAL, ENR 2  2      
AMP, TET, NAL, ENR, AMO 3  3      
AMP, TET, SUL, STR, AMO 1  1      
TET, SUL, STR, NAL 2  2      
AMP, TET, NAL, AMO 3  3      
TET, TRI, STR, KAN 1 1       
TET, STR, NAL 1    1    
TET, SUL, STR 3  3      
AMP, TET, AMO 8  8      
AMP, AMO 2     2   
NAL, ENR 1   1     
SUL, STR 1   1     
TET, NAL 3  1  2    
TET, SUL 2  1 1     
SUL 1 1       
ENR 2   1  1   
NAL 1   1     
TET 6  4 2     
Total 46 3 28 7 4 4 0 0 
% isolates resistance to at least 1 
antibiotic in each serogroup. 
 30.0 48.3 70.0 66.7 100.0 0.0 0.0
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The most common profile of resistance among the 91 Salmonella isolates was that with the 
combined resistance to ampicillin, tetracycline, and amoxicillin. This profile was found only 
among strains of serogroup E. Interestingly, all serogroup E isolates showed resistance to 
tetracycline, suggesting that this serogroup is more likely to develop resistance to tetracycline 
than any other antibiotics. Resistance patterns TET+SUL+STR+NAL+ENR, 
AMP+TET+NAL+ENR+AMO, AMP+TET+SUL+STR+AMO, TET+SUL+STR+NAL, 
AMP+TET+NAL+AMO, TET+SUL+STR, AMP+TET+AMO are unique in serogroup E. 
This result complies with the findings from Farrington et al. (2001) and Johnson et al. (2005a) 
who suggested that there may be a relationship between serogroup and antimicrobial 
resistance in Salmonella. This could be a result of the different selective pressures in 
reservoirs of each serogroup or from the capability for developing antibiotic resistance of each 
serogroup.  
There were 30% of serogroup B isolates that showed resistance to at least 1 antibiotic tested, 
whereas that of other serogroups were higher: of serogroups E, C1, C2, G2 were 48.3%, 
70.0%, 66.7%, 100% respectively. However, a study which was carried out by Johnson et al. 
(2005a) found resistance was most common among isolates of serogroup B. The results of this 
study show a diversity of the resistance profiles, these are likely due to horizontal transfer of 
resistance genes. 
 
3.3.4.2. Antibiotic resistance of E. coli isolates 
Ninety-nine E. coli isolates from different sources (pork n=20, beef (n=20), chicken (n=19), 
chicken faeces (n=20), shellfish (n=20), were randomly selected from the E. coli collection, 
CHAPTER 3: THE DETECTION OF ENTERIC BACTERIA IN MEAT, POULTRY AND SHELLFISH FROM VIETNAM 
AND THEIR ANTIBIOTIC RESISTANCE CHARACTERISTICS 
 
 
   
 
 
123 
were tested for antibiotic susceptibility to 15 antibiotics. Figure 3.4 represents the rates of 
resistance to each antibiotic from each food sources. Table 3.9 showed details of percentage 
of E. coli isolates which were resistant, intermediate resistant and susceptible to different 
antibiotics. 
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Figure 3.4: Resistance of E. coli isolates of different origins to antibiotics 
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Table 3.9: Percentage of E. coli isolates which were resistant, intermediate resistant and susceptible to different antibiotics 
Sources  
Antibiotics 
AMP 
(%) 
AML 
(%) 
AMC
(%) 
TET 
(%) 
SUL
(%) 
KAN 
(%) 
GEN 
(%) 
STR 
(%) 
NOR 
(%) 
ENR
(%) 
CIP 
(%) 
NAL 
(%) 
CHL
(%) 
CEP
(%) 
TRI
(%) 
Pork R 55.0 55.0 0.0 100.0 70.0 10.0 25.0 65.0 15.0 20.0 15.0 30.0 50.0 5.0 60.0 
 I 15.0 15.0 35.0 0.0 0.0 0.0 0.0 5.0 5.0 20.0 0.0 15.0 15.0 60.0 0.0 
  S 30.0 30.0 65.0 0.0 30.0 90.0 75.0 30.0 80.0 60.0 85.0 55.0 35.0 35.0 40.0 
Beef R 20.0 20.0 0.0 60.0 10.0 0.0 0.0 15.0 0.0 0.0 0.0 0.0 20.0 5.0 20.0 
 I 10.0 10.0 20.0 0.0 0.0 0.0 0.0 10.0 0.0 5.0 0.0 5.0 5.0 30.0 0.0 
 S 70.0 70.0 80.0 40.0 90.0 100.0 100.0 75.0 100.0 95.0 100.0 95.0 75.0 65.0 80.0 
Chicken R 84.2 84.2 15.8 84.2 94.7 15.8 47.4 63.2 57.9 63.2 52.6 68.4 57.9 31.6 63.2 
 I 5.3 5.3 73.7 0.0 0.0 15.8 0.0 26.3 0.0 10.5 10.5 10.5 0.0 57.9 26.3 
  S 10.5 10.5 10.5 15.8 5.3 68.4 52.6 10.5 42.1 26.3 36.8 21.1 42.1 10.5 10.5 
Chicken  R 65.0 65.0 0.0 95.0 95.0 25.0 45.0 30.0 5.0 15.0 5.0 50.0 65.0 10.0 90.0 
faeces I 0.0 0.0 55.0 0.0 0.0 5.0 0.0 50.0 5.0 40.0 0.0 10.0 0.0 50.0 0.0 
 S 35.0 35.0 45.0 5.0 5.0 70.0 55.0 20.0 90.0 45.0 95.0 40.0 35.0 40.0 10.0 
Shellfish R 30.0 30.0 5.0 50.0 35.0 5.0 5.0 25.0 10.0 10.0 10.0 25.0 25.0 20.0 25.0 
 I 15.0 15.0 35.0 0.0 0.0 0.0 0.0 5.0 0.0 15.0 0.0 0.0 5.0 30.0 0.0 
  S 55.0 55.0 60.0 50.0 65.0 95.0 95.0 70.0 90.0 75.0 90.0 75.0 70.0 50.0 75.0 
Total R 50.5 50.5 4.0 77.8 60.6 11.1 24.2 39.4 17.2 21.2 16.2 34.3 43.4 14.1 51.5 
 I 9.1 9.1 43.4 0.0 0.0 1.0 0.0 19.2 2.0 18.2 2.0 7.1 5.1 45.5 5.1 
  S 40.4 40.4 52.5 22.2 39.4 87.9 75.8 41.4 80.8 60.6 81.8 58.6 51.5 40.4 43.4 
 
R: Resistant; I: Intermediate resistant; S: Sensitive.
CHAPTER 3: THE DETECTION OF ENTERIC BACTERIA IN MEAT, POULTRY AND SHELLFISH FROM VIETNAM 
AND THEIR ANTIBIOTIC RESISTANCE CHARACTERISTICS 
 
   
 
 
126 
These results demonstrate the high individual and multiple resistance to antibiotics in E. coli. 
Ninety-nine E .coli isolates in this study showed resistance to all 15 antibiotics tested. Pork 
isolates showed resistance to 14 antibiotics tested, but were all sensitive to augmentine. 
Chicken and shellfish isolates were resistant to all 15 antibiotics tested. All beef isolates were 
susceptible to augmentin, kanamycin, gentamycin and quinolone antibiotics (norfloxacin, 
enrofloxacin, ciprofloxacin, and nalidixic acid). 
Resistance was most frequently observed to tetracycline, sulphafurazole, ampicillin, 
amoxicillin, nalidixic acid, streptomycin, trimethoprim and chloramphenicol. The tetracycline 
resistance rates of E. coli isolates from meats and poultry were high, this antibiotic did not 
inhibit any of the pork E. coli strains with 100% resistant to tetracycline; the rates of 
resistance to this antibiotic were 84.2% for chicken isolates and 60% for beef isolates. Studies 
in other countries have also found that resistance to tetracycline was widespread in E. coli 
isolates from beef, pork and poultry (Duffy et al., 1999; Sackey et al., 2001; Saenz et al., 
2001; Klein and Bulte, 2003; Schroeder et al., 2003; Hart et al., 2004). Resistance to 
tetracycline is common and microorganisms that have become resistant to one tetracycline 
compound  may exhibit resistance to others (Roberts, 2003). Tetracycline has been one of the 
most commonly used antibiotics for production animals (Carraminana et al., 2004, Nguyen, 
2004c; Stine et al., 2007), so the frequent occurrence of resistance among food animal strains 
is perhaps a consequence of this. High resistance to tetracycline of E. coli isolates also implies 
that these organisms play an important role as reservoirs for the antibiotic resistance genes.  
Resistance to ampicillin and sulpha drug has also been a common feature of E. coli isolates 
from meat and poultry, with the highest rates in chicken isolates of 84.2% and 94.7% 
respectively. High frequencies of sulpha drug resistance have also been reported by Schroeder 
et al. (2003) in E. coli isolates from retail meat in USA. Moderate to high frequencies of 
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ampicillin resistance in E. coli from meats and poultry have also been reported in different 
countries such as Spain (47%), Washington DC, USA (35%), Saudi Arabia (88.7%), and 
Ghana (100%) (Al-Ghamdi et al., 1999; Saenz et al., 2001; Schroeder et al., 2003). However, 
the rate was only at 15-19% in Germany (Guerra et al., 2003). Isolates which were resistant to 
ampicillin were also resistant to amoxicillin, which is in the same antibiotic class with 
ampicillin, therefore a high incidence of amoxicillin resistant E. coli from meat and poultry 
was also observed. Resistance to cephalothin, the first generation cephalosporins antibiotic in 
beta-lactam antibiotics class, were at 31.6% in chicken and 20 % in shellfish isolates, but the 
rates were lower in other sources. All of the pork, beef and chicken faeces isolates were 
susceptible to augmentin but some chicken and shellfish isolates displayed resistance to this 
antibiotic (5-15.8%). However, intermediate resistance rates were high for this antibiotic 
(43.4%).  
Resistance to aminoglycoside antibiotics was also common in E. coli chicken and pork 
isolates. The rate of gentamycin resistance in this study was 25-45%, whereas rates of 17% 
and 12% have been reported for E. coli isolated from meats and poultry in Spain and the USA 
respectively (Saenz et al., 2001; Schroeder et al., 2003). All E. coli isolated from beef 
samples were susceptible to this antibiotic in this study.  
Streptomycin resistance was detected in E. coli isolates from chicken, beef, pork and chicken 
faeces, the rates were more than 60% in pork and chicken isolates. There was high level of 
streptomycin resistance in retail meat in Greater Washington, DC, USA (44%) (Schroeder et 
al., 2003). Overuse of this antibiotic is the possible explanation for high level of streptomycin 
resistance in Vietnamese E. coli food isolates. 
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High frequencies of quinolones and fluoroquinolones resistance have also been observed in 
chicken isolates (57.9%, 63.2%, 52.6% and 68.4% of chicken isolates were resistant to 
norfloxacin, enrofloxacin, ciprofloxacin and nalidixic acid respectively). To a lesser extent, 
pork isolates were resistant to these antibiotics (15%-30%). High frequency of resistance to 
quinolones and fluoroquinolones was observed among E. coli isolates, but this was not seen 
among the Salmonella spp. isolates, suggesting the potential for spread of resistance markers 
of E. coli. In contrast to this study, resistance to ciprofloxacin of E. coli from animal sources 
was reported either low (13%) (Saenz et al., 2001) or non in other countries (Meng et al., 
1998; Klein and Bulte, 2003; Schroeder et al., 2003). In Canada, fluoroquinolones are not 
registered for use in pigs, therefore E. coli isolated from this source showed very little 
resistance to these antibiotics (0-3%) (Boerlin et al., 2005). Although quinolone resistance 
usually results from chromosomal mutations, plasmid-mediated quinolone resistance has been 
also reported (Wang et al., 2003, Wang et al., 2004, Robicsek et al., 2005) and this 
transferable genetic element could accelerate the spread of fluoroquinolone resistance 
between bacterial populations. Fluoroquinolones are critically important for treating serious 
infections in humans, therefore high resistance level in E. coli from meat and poultry isolates 
in this study should be seriously considered. 
Chloramphenicol is a broad-spectrum antibiotic used to treat life-threatening infections in 
humans, usually when other alternatives are not available. The use of this antibiotic is limited 
because of its potentially life-threatening side effect, idiosyncratic aplastic anemia, therefore 
chloramphenicol is prohibited in many countries, including Viet Nam (Anonymous, 2002a; 
Anonymous, 2002b). However, frequencies of 50–65% of chloramphenicol resistance have 
been found in the E. coli isolates from pork, chicken and chicken faeces in our study. A 
resistance rate of 8% and 6% has been reported for E. coli isolates from retail poultry in Spain 
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and retail meat in Greater Washington DC, USA respectively (Schroeder et al., 2003) or at 8-
11% in Germany (Guerra et al., 2003). High resistance to this prohibited antibiotic in this 
study could be explained because of co-resistance to chloramphenicol and other antibiotics 
such as ampicillin, streptomycin, sulfamethathoxazole, tetracycline, and kanamycin, make 
these isolates resistant to chloramphenicol even in the absence of direct selection pressure 
from phenicol use (Bischoff et al., 2005). 
Frequencies of trimethoprim resistance at 60–90% have been found in the E. coli isolates 
from pork, chicken and chicken faeces. Co-transfer of various other antimicrobial resistances 
with trimethoprim resistance was observed (Sundstrom et al., 1988; Tsakris et al., 1991). 
High level of trimethoprim resistance in E. coli in this study suggests the risk of dissemination 
of resistance genes between bacterial populations. 
Similar to antibiotic resistance situation observed in Salmonella spp. isolates, resistance of 
E. coli isolates from beef cattle were generally lower than that of pigs and poultry which 
comply with other studies (Guerra et al., 2003; Bywater, 2004). E. coli isolates from chicken 
faeces had a similar antibiotic resistance distribution to chicken strains, except 
fluoroquinolone and augmentin, where resistance in chicken isolates were much higher. In 
this study, chicken faeces were collected from very young chicken (3-5 weeks) whereas 
chicken meat from market at much older age. The difference in ages of the chickens in our 
study could explain the different resistance levels as older chicken have greater chance to be 
fed with antibiotics and therefore a greater possibility of their microbial flora developing 
resistance. 
Though resistance rates of E. coli from shellfish were less than that from meat and poultry, 
shellfish isolates displayed resistance to all 15 antibiotics tested. The resistance of E. coli 
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isolates in shellfish to different antibiotic classes indicated that these E. coli strains were 
generated from different sources in the contaminated water environment where shellfish 
inhabit. 
Table 3.10 represents the percentage of E. coli isolates resistant to different numbers of 
antibiotics. All E. coli isolates from pork, chicken and chicken faeces displayed resistance to 
at least one antibiotic whereas beef isolates and shellfish isolates were at 65% and 55% 
respectively. Multiresistance was observed in all sources, with up to 84.2% of chicken, 70% 
of pork and 95% of chicken faeces isolates displaying multiresistance characteristics. 
Resistance to more than 10 antibiotics was also detected in chicken, pork and shellfish 
isolates, and there were isolates with resistance to 12-14 antibiotics. Retail meat in other 
countries also show multiresistant E. coli but at lower rates (Saenz et al., 2001; Guerra et al., 
2003; Schroeder et al., 2003).  
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Table 3.10: Percentage of E. coli isolates which were resistant to different numbers of 
antibiotics 
Number of 
antibiotics 
Sources 
Pork 
(%) 
Beef 
(%) 
Chicken 
(%) 
Chicken 
faeces (%) 
Shellfish 
(%) 
Total 
(%) 
0 0.0 35.0 0.0 0.0 45.0 16.2 
1 25.0 35.0 5.3 5.0 20.0 18.2 
2 0.0 10.0 5.3 0.0 0.0 3.0 
3 5.0 5.0 5.3 0.0 5.0 4.0 
4 0.0 0.0 0.0 0.0 0.0 0.0 
5 10.0 0.0 10.5 15.0 0.0 7.1 
6 15.0 5.0 0.0 25.0 5.0 10.1 
7 15.0 10.0 0.0 35.0 0.0 12.1 
8 10.0 0.0 21.1 5.0 10.0 9.1 
9 10.0 0.0 0.0 5.0 0.0 3.0 
10 0.0 0.0 15.8 10.0 0.0 5.1 
11 5.0 0.0 0.0 0.0 10.0 3.0 
12 0.0 0.0 15.8 0.0 5.0 4.0 
13 5.0 0.0 15.8 0.0 0.0 4.0 
14 0.0 0.0 5.3 0.0 0.0 1.0 
15 0.0 0.0 0.0 0.0 0.0 0.0 
≥ 1 100.0 65.0 100.0 100.0 55.0 83.8 
≥ 4 70 15 84.2 95 30.0 58.6 
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3.3.4.3. Antibiotic susceptibility of V. parahaemolyticus 
All sixteen V. parahaemolyticus isolates recovered in this study were tested for their 
susceptibility to 14 antibiotics as for E. coli and Salmonella spp. isolates (except for 
cephalothin). Overall, beta-lactam antibiotics (ampicillin and amoxicillin) did not inhibit any 
of the V. parahaemolyticus strains; in contrast, all of isolates were not resistant to any of the 
rest 12 antibiotics tested. However, intermediate resistance was observed with sulphafurazole 
(50%), kanamycin (18.7%), ciprofloxacin (18.8%) and trimethoprim (6.3%) (Table 3.11) 
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Table 3.11: Susceptibility of V. parahaemolyticus isolates from shellfish to various 
antibiotics 
Class and antibiotics 
(µg/disc) Percentage of strains exhibiting 
 Resistance (%) Intermediate resistance (%) Susceptibility (%) 
β-lactams    
 Ampicillin (10) 100.0 0.0 0.0 
 Amoxicillin (10)  100.0 0.0 0.0 
 Augmentin (30) 0.0 0.0 100.0 
Sulfonamides    
 Sulphafurazole (300) 0.0 50.0 50.0 
Aminoglycosides    
 Kanamycin (30) 0.0 18.8 81.3 
 Gentamicin (10) 0.0 0.0 100.0 
 Streptomycin (10) 0.0 0.0 100.0 
Quinolones and 
fluoroquinolones 
   
 Norfloxacin (10) 0.0 0.0 100.0 
 Enrofloxacin (5) 0.0 0.0 100.0 
 Ciprofloxacin (5)  0.0 18.8 81.2 
 Nalidixic acid (30) 0.0 0.0 100.0 
Phenicols    
 Chloramphenicol (30) 0.0 0.0 100.0 
    
Tetracycline (30) 0.0 0.0 100.0 
    
Trimethoprim (5) 0.0 6.3 93.7 
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As all of the isolates were resistant to ampicillin/amoxicillin, they were tested for beta-
lactamase production. There was a good relationship between beta-lactamase production and 
resistance to ampicillin/amoxicillin as they were all positive in the beta-lactamase production 
test. 
Other studies also found a high incidence of ampicillin resistance in V. parahaemolyticus in 
seafood and environmental sources (Joseph et al., 1978; Wallace et al., 1999; Ottaviani et al., 
2001; Zanetti et al., 2001). It was found that the isolates in this study were not resistant to 
sulphafurazole, but 50% of them had intermediate resistance to this antibiotic. 
V. parahaemolyticus is usually susceptible to tetracycline, chloramphenicol, gentamicin, 
aminoglycosides and nalidixic acid but resistant to ampicillin and variable to sulfonamides 
(Joseph et al., 1978; Morris Jr and Black, 1985; Janda et al., 1988). Therefore our 
susceptibility results of V. parahaemolyticus also complied with other studies. 
Organisms that have β-lactamase activity cleave the β-lactam ring, to inactivate the antibiotic 
function. All 16 V. parahaemolyticus isolates were resistant to ampicillin/amoxicillin and 
showed positive β-lactamase production but all were susceptible to augmentin. The result 
demonstrates that the presence of β-lactamase activity accounted for the uniform resistance to 
ampicillin and amoxicillin of these isolates and that β-lactamase is inherent in these 
organisms. Other authors also found a strong relationship between ampicillin resistance and 
β-lactamase activity in vibrios (Joseph et al., 1978; Ottaviani et al., 2001; Zanetti et al., 
2001). It is known that the addition of clavulanic acid to amoxicillin in augmentin enhances 
the effectiveness of this antibiotic against many other bacteria that are ordinarily resistant to 
amoxicillin as clavulanic acid and its alkali metal salts are active inhibitors of β-lactamase 
produced by some microorganisms (Weber et al., 1984). The result showed that potassium 
CHAPTER 3: THE DETECTION OF ENTERIC BACTERIA IN MEAT, POULTRY AND SHELLFISH FROM VIETNAM 
AND THEIR ANTIBIOTIC RESISTANCE CHARACTERISTICS 
 
   
 
 
135 
clavunate inhibits β-lactamase enzyme in these V. parahaemolyticus isolates making 
augmentin active against them.  
V. parahaemolyticus isolates in this study were susceptible to all quinolone and 
floroquinolone (nalidixic acid, norfloxacin, enrofloxacin), but 18.8% of them had 
intermediated resistance to ciprofloxacin. This is in contrast with previous findings by Zanetti 
et al. (2001) that ciprofloxacin was the most active quinolones against this organism. 
Our results demonstrate that β-lactam resistance of V. parahaemolyticus is predominant in 
shellfish from retail markets in Ho Chi Minh City, Vietnam. Appropriate antimicrobial 
therapy is needed for severe infections caused by Vibrio spp (Zanetti et al., 2001). Based on 
these findings, it is suggested that ampicillin or related antibiotic in beta-lactam group would 
not be appropriate for use in these cases.  
 
3.4. Conclusion  
The present study has demonstrated that retail raw meat, poultry samples from markets and 
supermarkets in Ho Chi Minh City, Vietnam were heavily contaminated with enteric bacteria. 
More than 90% of samples were contaminated with E. coli and 60.8% of meat and poultry 
samples were contaminated with Salmonella spp.  
In addition, the study found 94% of shellfish samples contaminated with E. coli, 18% 
contaminated with Salmonella spp. and 32% contaminated with V. parahaemolyticus. This 
high level of enteric bacteria contamination in retail meat, poultry and shellfish in Ho Chi 
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Minh City suggests that all meat and shellfish should properly cooked before consumption to 
avoid any potential health risks. 
When Salmonella spp. were classified into various different serogroups, it was found that 
serogroup E strains were predominant in beef and pork samples, from 75.0-87.5%, suggesting 
that Salmonella spp. group E is wide-spread in food animals. No S. Enteritidis was cultured in 
91 Salmonella spp. of various food sources in this study. This is contrary to findings in 
European countries and some Asian countries such as Thailand and Malaysia where this 
serotype was found to be predominant in poultry products (Plummer et al., 1995; Rusul et al., 
1996; Uyttendaele et al., 1998; Dominguez et al., 2002; Antunes et al., 2003; 
Bangtrakulnonth et al., 2004). It also suggests S. Enteritidis is not endemic in Vietnamese 
poultry. Salmonella serotypes which frequently cause human salmonellosis worldwide, such 
as S. Typhimurium, S. Paratyphi B biovar java, S. Anatum, S. Panama, S. Rissen, S.Lexington 
have all been detected in this study, again suggesting that Vietnam is similar to other 
countries with regard to Salmonella food poisoning.  
PFGE has been used to determine the degree of genomic polymorphism of Salmonella spp. 
from food. Of 51 Salmonella spp. isolates, 33 distinct PFGE patterns were observed among 16 
serotypes, which proves the genetic diversity of Salmonella spp. isolates. When comparing 
PFGE patterns and serotypes of strains in this study, it has been suggested that PFGE could be 
used as an alternative method for serotyping. Only representative strains need to be serotyped, 
as time and cost could be saved. 
Similar to findings from other countries, Salmonella spp. isolates from retail meats were 
frequently resistant to tetracycline, ampicillin, sulfonamide and streptomycin. Resistance to 
quinolone and fluoroquinolone were also observed in this study, including nalidixic acid and 
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enrofloxacin, with highest rates were in chicken at the level of 38.9% and 22.2% respectively. 
The relationship between serogroup and antimicrobial resistance in Salmonella spp. isolates 
has been observed in this study. Multiresistance occurred in potential Salmonella spp. human 
pathogenic serotypes, including S. Typhimurium, S. Albany, S. Anatum, S. Havana, 
S. London. Multiresistant phenotypes were observed in most serogroup E isolates, in which 
the most frequent was serotype S. Anatum, eventhough one S. Typhimurium isolate from pork 
was resistant up to 8 antibiotics and one S. Albany isolated from chicken was resistant to 7 
antibiotics. These Salmonella serotypes have also been isolated from clinical human isolates 
in Vietnam (Vo et al., 2006c). There would be major health problem if these multiresistant 
isolates were transferred to humans.  
The antibiotic susceptibility study indicated alarming resistance frequencies in E. coli from 
food sources in Vietnam. Multiresistance occurred at rates of 84.2% in chicken samples, 70% 
in pork samples. There was notable high resistance to tetracycline in E. coli population, as 
100% of E. coli isolates from pork showed resistance. Resistance to ampicillin/amoxicillin, 
sulfonamide, streptomycin, nalidixic acid, chloramphenicol and trimethoprim has been a 
common feature of E. coli isolates. Resistance to ciprofloxacin, the important antibiotic for 
clinical uses, has been observed in E. coli from all samples except beef isolates, there was up 
to 52.6% E. coli chicken isolates resistant to this antibiotic.  
The resistance profiles seen in E. coli and Salmonella isolates were not seen for 
V. parahaemolyticus isolates. The V. parahaemolyticus isolates were uniformly resistant to 
ampicillin and amoxicillin. No resistant isolate was observed for other antibiotics, although 
intermediate resistance occurred in ciprofloxacin, sulphafurazole, trimethoprim and 
kanamycin. 
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 The incidence of resistance to an antimicrobial agent in a particular population is the result of 
a number of interacting factors, with antimicrobial consumption is being an important factor 
(Bywater, 2004). In this study, resistance was generally observed more in chicken and pork 
isolates than in beef and shellfish, both with Salmonella spp. and E. coli isolates, reflect the 
higher level and frequent uses of antibiotics in chicken and pig populations. 
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Chapter 4: Molecular Genetic Mechanisms Involved in 
Antibiotic Resistance of Salmonella spp. and E. coli isolates 
4.1. Introduction 
The selective pressure driven from the use of antimicrobials in both human and animal 
husbandry has accelerated the spread of antibiotic resistance. Resistance genes commonly 
reside on mobile genetic elements such as plasmids, transposons or integrons, thus allowing 
the horizontal spread of resistance genes between strains, species and even genera. Integrons 
are the latest genetic element to be recognised. They are able of carrying complex arrays of 
gene cassettes and may contribute to the rapid dissemination of resistance genes (Recchia and 
Hall, 1995; Miriagou et al., 2006).  
 
Through gene transfer mechanisms, antibiotic resistance determinants can be disseminated 
from bacteria which originated from animals to human pathogenic strains. Therefore, there 
has been extensive worldwide studies about the mechanisms of antibiotic resistance gene 
transfer (Singh et al., 2005; Hsu et al., 2006). Most of the studies have focused on plasmid-
mediated conjugation and to a lesser extent, transformation. The phage-mediated transduction, 
however, has been widely neglected (Sander and Schmieger, 2001).  
Salmonella genomic island 1 (SGI1) is the first genomic island reported containing an 
antibiotic resistance gene cluster. It was first identified in the multidrug resistant S. enterica 
serotype Typhimurium definitive phage type 104. Until now, SGI1 and its variants have been 
identified in 13 serovars in many countries, mostly from human and animal sources. The 
SGI1 variants were designated from A to L (Cloeckaert et al., 2006; Mulvey et al., 2006; 
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Levings et al., 2007). An examination of whether this recently emerged genomic island is 
present in Vietnamese raw food samples was needed. 
The antibiotic resistance phenotype and genotype in bacteria from consumed animal products 
are different from country to country due to the difference in dosage, duration, types etc. of 
antibiotics used in animal husbandry; therefore it is important to understand the mechanisms 
of antibiotic resistance in each country to provide appropriate measures to prevent future 
spread of antibiotic resistance traits. In Vietnam, however, the information on resistance 
mechanisms of food related bacteria is very minimal (Khan et al., 2006). The goal of the work 
reported in this chapter is to increase understanding of the molecular genetic mechanisms 
involved in antibiotic resistance of Salmonella spp. and E. coli from Vietnamese food isolates. 
The aims of this chapter were as follows:  
• To examine the distribution of antibiotic resistance determinants of E. coli and 
Salmonella spp. isolates recovered in this study.  
• To assess the presence of plasmids in the antibiotic resistant E. coli and 
Salmonella spp. isolates.  
• To detect the presence of class 1 integrons and the resistance gene cassettes in these 
bacteria.  
• To investigate the presence and characteristics of SGI1 in the Salmonella spp. isolates. 
• To assess the transfer ability of antibiotic resistance genes by conjugation and 
transduction mechanisms from these E. coli and Salmonella spp. isolates.  
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4.2. Method 
4.2.1. Detection of antibiotic resistance genes in E. coli and Salmonella spp. 
isolates 
Antibiotic resistance genes (ARGs) were detected by multiplex and uniplex PCR, experiments 
were carried out at Elizabeth Macarthur Agricultural Institute, NSW Department of Primary 
Industries using available primers and multiplex PCR conditions (Wu, X. –Y, personal 
communication). Primers sequences cannot be included here for IP reasons. 
Three multiplex and 3 uniplex PCRs were used for the amplification of ARGs (Table 4.1). 
Nineteen ARGs were detected in three multiplex PCR sets: set 1 was to detect 7 genes (sulI, 
SHV, cat1, dhfrV, floR, aadA, OXA), set 2 was to detect 6 genes (TEM, cmlA, CITM, ereA, 
dhfrI, aac(3)-I), and set 3 was to detect 6 genes (aphA-1, MOXM, DHAM, EBCM, aac(3)-IV, 
FOXM). In cases of CITM, MOXM, DHAM, EBCM and FOXM (plasmid mediated ampC 
genes), they are not single gene but are family-specific genes as proportional primers were 
designed for amplifying family-specific genes bases on their sequence similarity (Perez-Perez 
and Hanson, 2002). The CITM primer pair are able to amplify any of the genes: LAT-1 to 
LAT-4, CMY-2 to CMY-7, BIL-1; the MOXM primer pair target genes: MOX-1, MOX-2, 
CMY-1, CMY-8 to CMY-11; the DHAM primer pair target genes: DHA-1, DHA-2; the 
EBCM primer pair target genes: MIR-1T, ACT-1; and the FOXM primer pair target genes: 
FOX-1 to FOX-5b.  
The tetracycline resistance genes (tetA, tetB and tetC) were amplified individually. A positive 
and a negative control for each PCR were included. Amplicons were visualised by 
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electrophoresis at 80V, 500 mA for 2.5 h for multiplex PCRs and for 1.5 h for uniplex PCRs 
in 2% agarose gels prepared in 0.5% TBE buffer.  
Thirty eight E. coli isolates and twenty six Salmonella spp. isolates, which showed the most 
degree of resistance among the collection, were selected for detection of antibiotic resistance 
genes (Table 4.2 and Table 4.3).  
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 Table 4.1: Summary of 3 multiplex and 3 uniplex PCRs for the amplification of ARGs 
PCR sets Description/Function Gene name Primers 
Amplicon 
size (bp) 
Multiplex 
PCR set 1 
Sulfonamides sulI sulI-F, sulI-R 822 
beta-lactams SHV blaSHV-F, blaSHV-R 768 
Chloramphenicol cat1 CATI-F, CATI-R 547 
Trimethoprim dhfrV dhfrV-F, dhfrV-R 432 
Florfenicol floR floR-F, floR-R 399 
Aminoglycosides 
(spectinomycin, 
streptomycin) 
aadA aadA-F, aadA-R 284 
beta-lactams OXA blaOXA-F, blaOXA-R 198 
Multiplex 
PCR set 2 
beta-lactams TEM blaTEM-F, blaTEM-R 857 
Chloramphenicol cmlA cmlA-F, cmlA-R 698 
AmpC's CITM CITM-F, CITM-R 462 
Macrolides ereA ere(A)-F, ere(A)-R 419 
Trimethoprim dhfrI dhfrI-F, dhfrI-R 391 
Aminoglycosides 
(gentamicin) 
aac(3)-I aac(3)-I-F, aac(3)-I-R 157 
Multiplex 
PCR set 3 
Aminoglycosides aphA-1 aphA-1-F, aphA-1-R 600 
AmpC's MOXM mox-1, mox-2 520 
AmpC's DHAM DHA-1, DHA-2 405 
AmpC's EBCM MR-1, MR-2 302 
Aminoglycosides aac(3)-IV aac(3)-IV-F, aac(3)-IV-R 286 
AmpC's FOXM fox-1, fox-2 190 
Uniplex 
PCR 1 
 tetA TetA-F, TetA-R 887 
Uniplex 
PCR 2 
Tetracycline tetB TetB-F, TetB-R 773 
Uniplex 
PCR 3 
 tetC TetC-F, TetC-R 880 
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Table 4.2: E. coli isolates used to study the plasmid content, presence of class 1 integrons 
and presence of antibiotic resistance genes 
No. Isolate name Source Antibiotic resistance patterns 
1 E/B/16a Beef AMP, TET, CHL,SUL, TRI, STR, AMO 
2 E/B/17b Beef AMP, TET, CHL, TRI, STR, AMO 
3 E/B/41* Beef Sensitive 
4 E/B/46 Beef AMP, TET, CHL,SUL, TRI, STR, AMO 
5 E/P/15a Pork AMP, TET, GEN, CHL,SUL, TRI, STR, KAN, AMO 
6 E/P/18a Pork AMP, TET, GEN, SUL, NAL, ENR, AMO, STR 
7 E/P/20a Pork AMP, TET, CHL, SUL, TRI, STR, AMO 
8 E/P/27a Pork CIP, TET, GEN, SUL, TRI, NOR, NAL, ENR, STR 
9 E/P/43a Pork AMP, TET, GEN, SUL, TRI, AMO, STR 
10 E/P/48a Pork AMP, TET, CHL,SUL, TRI, STR, NAL, AMO 
11 E/P/49a Pork AMP, CIP, TET, GEN, CHL,SUL, TRI, NOR, STR, KAN, NAL, ENR, AMO 
12 E/P/25a Pork AMP, CIP, TET, CHL,SUL, TRI, NOR, STR, NAL, ENR, AMO 
13 E/SF/1a Shellfish AMP, TET, CHL,SUL, TRI, STR,NAL, AMO 
14 E/SF/6a Shellfish AMP, CIP, TET, CHL,SUL, TRI, NOR, STR, NAL, ENR, AMO 
15 E/SF/10a Shellfish AMP, CIP, TET, SUL, TRI, NOR, STR, KAN, NAL, ENR, AMO, CEP 
16 E/SF/29** Shellfish AMP, TET, GEN, SUL, CEP, TRI, STR, NAL, AMO, AUG 
17 E/SF/47a Shellfish AMP, TET, CHL,SUL, TRI, STR, AMO, CEP 
18 E/C/3a Chicken AMP, CIP, TET, GEN, CHL,SUL, TRI, NOR, STR, KAN, NAL, ENR, AMO 
19 E/C/4a Chicken AMP, CIP, TET, GEN, CHL,SUL, NOR, NAL, ENR, AMO 
20 E/C/5a Chicken AMP, CIP, TET, SUL, TRI, NOR, STR, NAL, ENR, AMO, AUG, CEP 
21 E/C/9b* Chicken AMP, CIP, TET, GEN, CHL,SUL, TRI, NOR, STR, KAN, NAL, ENR, AMO, CEP 
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No. Isolate name Source Antibiotic resistance patterns 
22 E/C/11a Chicken AMP, TET, CHL,SUL, TRI, STR, NAL, AMO 
23 E/C/13a* Chicken AMP, CIP, TET, GEN,SUL, NOR, STR, NAL, ENR, AMO 
24 E/C/15a** Chicken AMP, TET, SUL, TRI, STR, NAL, ENR, AMO 
25 E/C/16a Chicken AMP, CIP, TET, GEN, CHL, SUL, TRI, NOR, NAL, ENR, AMO, CEP, AUG 
26 E/C/17a Shellfish AMP, TET, GEN, CHL,SUL, TRI, NOR, KAN, NAL, ENR, AMO, STR 
27 E/C/20a* Chicken AMP, CIP, TET, GEN, CHL,SUL, NOR, NAL, ENR, AMO 
28 E/C/21a Chicken AMP, CIP, TET, GEN, CHL,SUL, TRI, NOR, STR, NAL, ENR, AMO, CEP 
29 E/C/24a Chicken AMP, TET, GEN, SUL, TRI, AMO, CHL, STR 
30 E/C/25b Chicken AMP, CIP, TET, CHL,SUL, TRI, NOR, STR, NAL, ENR, AMO, AUG 
31 E/C/29a Chicken AMP, TET, SUL, TRI, AMO 
32 E/F/3 Chicken faeces AMP, TET, GEN, CHL,SUL, TRI, STR, NAL, ENR, AMO 
33 E/F/8 Chicken faeces AMP, TET, GEN, CHL,SUL, TRI, KAN, NAL, ENR, AMO 
34 E/F/9 Chicken faeces AMP, TET, GEN, CHL,SUL, TRI, NAL, AMO, CEP 
35 E/F/13 Chicken faeces TET, GEN, CHL,SUL, TRI, KAN, NAL 
36 E/F/16 Chicken faeces TET, GEN, CHL,SUL, TRI, KAN, NAL 
37 E/F/20 Chicken faeces TET, GEN, CHL,SUL, TRI, KAN, NAL 
38 E/F/25 Chicken faeces TET, CHL,SUL, TRI, NOR, NAL, ENR, CIP 
39 E/F/2*** Chicken faeces AMP, TET, GEN, CHL,SUL, TRI, AMO, STR 
* Plasmid and integron was not studied for these isolates; 
** Plasmid was not studied 
***Detection of antibiotic resistance gene was not carried out for this isolate. 
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Table 4.3: Salmonella spp. isolates used to study the plasmid content, presence of class 1 
integrons and presence of antibiotic resistance genes 
* Plasmid and integron was not studied for these isolates; NA: not applicable 
 
No Isolates Serotype Sources Antibiotic resistance patterns 
1 S/B/7* S. Typhimurium Beef Sensitive 
2 S/B/19a S. Anatum Beef TET, SUL, STREP, NAL 
3 S/B/31 NA Beef TET, SUL 
4 S/P/3 S. Anatum Pork AMP, TET, NAL, ENR, AMOX 
5 S/P/4 NA Pork AMP, TET, AMOX 
6 S/P/7 S. Anatum Pork AMP, TET, NAL, AMOX  
7 S/P/9 S. Typhimurium Pork AMP, TET, GEN, SUL, TRI, STREP, KAN, 
AMO 
8 S/P/10* S. Rissen Pork TET, SUL 
9 S/P/11 S. Anatum Pork AMP, TET, AMO 
10 S/P/13 S. Anatum Pork TET, SUL, STREP 
11 S/P/15 S. Anatum Pork AMP, TET, NAL, AMOX 
12 S/P/16 S. London Pork TET, SUL, STREP, NAL, ENR 
13 S/P/18 S. Anatum Pork AMP, TET, NAL, ENR, AMOX 
14 S/P/23 S. Anatum Pork AMP, TET, AMOX 
15 S/P/24 S. Anatum Pork AMP, TET, SUL, STR, AMO 
16 S/P/25b S. Anatum Pork TET, SUL, STREP 
17 S/P/28 S. Anatum Pork AMP, TET, AMOX 
18 S/P/30a* S. Anatum Pork AMP, TET, AMOX 
19 S/SF/8a S. Typhimurium Shellfish TET, TRI, KAN 
20 S/C/3 S. London Chicken TET, SUL, STREP, NAL, ENR 
21 S/C/5 S. Havana Chicken AMP, GEN, CHL, SUL, AMO 
22 S/C/9a S. Hadar Chicken TET, STR, NAL 
23 S/C/9b S. Havana Chicken AMP, AMO 
24 S/C/10a S. Typhimurium Chicken SUL 
25 S/C/21a S. Albany Chicken AMP, TET, CHL, SUL, TRI, NAL, AMO 
26 S/C/23b S. London Chicken TET, SUL, STR 
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4.2.2. Optimisation of isolation of large size plasmid DNA in food isolates 
To optimise the plasmid extraction method to be used for all isolates in this study, four 
selected isolates of Salmonella and E. coli were subjected to different plasmid extraction 
methods, including: 1) Kado and Liu method, without incubation in the cell lysis step 2) Kado 
and Liu method, with incubation (60 min) in the cell lysis step (Kado and Liu, 1981) and 3) 
use of the Promega WizardTM Miniprep kit, methods described by the supplier. 
The Kado and Liu method was used in this study with some modifications which are 
described as follows: Strains were grown in 10 ml LB-broth containing appropriate antibiotic 
at 37ºC with shaking to exponential stage. A volume of 1.5 mL of culture was used and cells 
were harvested by centrifugation at 3700 x g for 5 min in microcentrifuge. The pellet was 
resuspended in 200 μL TE. Then cells were lysed by the addition of 400 μL of lysis solution 
(contained 3% (w/v) SDS and 50 mM Tris (pH 12.6)) followed by inversion of the tubes to 
achieve mixing with minimal shearing of the chromosomal DNA. The mixture was either 
incubated at 60ºC for 1 hour or direct to the next step. Proteins and chromosomal DNA were 
then precipitated by the addition of 900 μL 1:1 (v/v) phenol-chloroform. The precipitate was 
removed by centrifugation at 15800 x g for 5 min at ambient temperature in a 
microcentrifuge. Repeat these steps when necessary. The aqueous DNA solution was then 
freed of phenol by extraction with 1 volume of chloloform and again centrifuged at 15800 x  g 
for 5 min at RT. The upper aqueous layer containing the plasmid DNA was collected into a 
new centrifuge tube. The DNA solution was either loaded on a gel for electrophoresis or 
stored at -20ºC. The gel was prepared at 0.7%, and electrophoresis carried out at 70v for 2.5 h. 
Care was taken to minimise shearing of the large plasmid DNA. 
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After a plasmid extraction method was chosen, 23 Salmonella spp. isolates and 33 E. coli 
isolates were examined for the presence of plasmid content (Table 4.2 and Table 4.3). 
S. Typhimurium 82/6915 containing a 95 kb plasmid was included in each run as positive 
control. 
 
4.2.3. Detection of class 1 integrons in Salmonella spp. and E. coli isolates 
For the detection of class 1 integrons, 5’ CS and 3’ CS primers, with sequences comprised the 
consensus sequences of class I integrons, were used (Levesque et al., 1995). Primers 
sequences (5’-3’) were: Int1-F: GGC ATC CAA GCA GCA AGC and Int1-R: AAG CAG 
ACT TGA CCT GAT. Boiled cell lysates were used as DNA templates. Strain 
S. Typhimurium DT104 which contained 1.0 kb and 1.2 kb integrons was used as positive 
control. 
PCR products representing the different amplicons were purified and sequenced. Sequences 
obtained were analysed using BLAST (http://www.ncbi.nih.gov) and compared with those 
registered in GenBank. PCR products with the same amplicon sizes were compared by 
restriction fragment length polymorphism (RFLP). To determine whether amplicons had the 
same content, at least two different restriction endonucleaces were chosen for RFLP assay and 
were consider identical if they had the same RFLP pattern after digestion with the enzymes. 
Enzymes that were used were BglI, ClaI, EcoRI, EcoRV, HincII, HindIII, SspI, SacII, PvuII, 
and RsaI. 
Twenty three Salmonella spp. isolates and 35 E. coli isolates were selected for detection of 
class 1 integrons (Table 4.2 and Table 4.3). 
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4.2.4. Mapping of Salmonella genomic island 1 (SGI1) 
The integron-positive isolates was investigated for the presence of SGI1 by PCR mapping 
using the primers described previously and in this study, which are listed in Table 4.4. The 
target of each PCR is indicated in Figure 4.1. Strain S. Typhimurium DT104 which harboured 
SGI1 was used as a positive control. Three isolates were subjected to this study: S/C/21a, 
S/SF/8a and S/P/9. Template DNA was prepared with the WizardTM DNA purification kit 
(Promega). 
The isolates were first examined by PCR for the presence of the left and right junction of 
SGI1. Isolates which were positive for these PCRs were further assessed for presence of other 
resistance genes in SGI1 by PCR amplifications of regions A, B, C, D, E, and F. All PCR 
products of these regions were sequenced. To detect genes in region AB of the isolate 
S/C/21a, PCR amplification was performed with a forward primer of PCR A and a reverse 
primer of PCR B (PCR AB). Internal primers were then synthesised (based on the sequence 
obtained) and used (PCR IAB). The PCR IAB amplification product was then sequenced, 
allowing identification of the resistance genes in this region. In addition, to confirm the same 
arrangement of genes in SGI1 of isolate S/C/21a and DT104 from region B to end of region F, 
long PCRs of BD, DE, and F regions were amplified in both S/C/21a isolate and DT104, the 
PCR amplicons of the same size from positive control and tested isolate were restriction 
digested with at least 3 restriction endonucleases and were considered identical if they had the 
same RFLP pattern after digestions. Moreover, the absence of the aadA2 gene in S/C/21a 
isolate was further confirmed by Southern blot hybridization. A probe for detection of this 
gene was generated by PCR amplification from the DT104 strain with primers indicated in 
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Table 4.4. Whole cell DNA was digested with XbaI and the fragments resolved by 
electrophoresis through 0.7% agarose. The Southern blotting procedures were described in 
Chapter 2, Section 2.2.4.9. 
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Table 4.4: Primers used for polymerase chain reaction for detection and mapping 
of SGI1 
Primer 
Name 
Sequence 5’→ 3’ Gene Amplifies/ 
Purpose (1) 
Size 
(bp) 
Reference 
U7-L12 ACACCTTGAGCAGGGCAAG thdf Left 
junction 
500 Boyd et al., 
2001 
LJ-R1 AGTTCTAAAGGTTCGTAGTCG int   Boyd et al., 
2001 
104-RJ TGACGAGCTG F AGCGAATTG S044 Right 
junction 
 Boyd et al., 
2001 
C9-L2 AGCAAGTGTGCGTAATTTGG int2  515 Boyd et al., 
2001 
104-D ACCAGGGCAAAACTACACAG yidY  500 Boyd et al., 
2001 
cml01 TTTGGWCCGCTMTCRGAC floR floR 494 Cloeckaert et 
al., 2000b 
cml15 SGAGAARAAGACGAAGAAG floR   Cloeckaert et 
al., 2000b 
int1 GCTCTCGGGTAACATCAAGG intI1 A 1,135 Cloeckaert et 
al., 2000b 
aad GACCTACCAAGGCAACGCTA aadA2   Cloeckaert et 
al., 2000b 
sulTER AAGGATTTCCTGACCCTG sul1delta B 942 Cloeckaert et 
al., 2000b 
F3 AAAGGAGCCATCAGCAGCAG floR   Cloeckaert et 
al., 2000b 
F4 TTCCTCACCTTCATCCTACC floR C 598 Cloeckaert et 
al., 2000b 
F6 TTGGAACAGACGGCATGG tetR   Cloeckaert et 
al., 2000b 
tetR GCCGTCCCGATAAGAGAGCA tetR D 1,559 Cloeckaert et 
al., 2000b 
tetA GAAGTTGCGAATGGTCTGCG tetA   Cloeckaert et 
al., 2000b 
int2 TTCTGGTCTTCGTTGATGCC groEL-
intI1 
E 1,338 Cloeckaert et 
al., 2000b 
pse1 CATCATTTCGCTCTGCCATT pse-1   Cloeckaert et 
al., 2000b 
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Primer 
Name 
Sequence 5’→ 3’ Gene Amplifies/ 
Purpose (1) 
Size 
(bp) 
Reference 
pse-L AATGGCAATCAGCGCTTCCC pse-1 F 4,400 Boyd et al., 
2002 
MDR-B GAATCCGACAGCCAACGTTCC S044   Boyd et al., 
2002 
IABF GGAGTGCCAAAGGTGAACAG dfrA1 IAB 2,385 This study 
IABR CGAAGAACCGCACAATCTCG sul1delta  2,385 This study 
aadA2F GGGTAGCGGTGACCATCGAA aadA2 probe  This study 
aadA2R TGATCTGCGCGTGAGGCCAA aadA2 probe  This study 
(1) See Figure 4.1 
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Figure 4.1: Genetic organisation of the antibiotic resistance gene cluster of SGI1 of S. Typhimurium DT104.  
Genes were not drawn to scale. PCRs used to assess the genetic organisation of the antibiotic resistance genes in SGI1 (PCRs  floR, A, B, 
C, D, E, F, AB, BD, DE) and the SGI1 junctions to the chromosome (PCRs left junction, and right junction, with and without retron) 
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4.2.5. The transfer ability of antibiotic resistance genes in E. coli and 
Salmonella spp. isolates by conjugation.  
4.2.5.1. Donors 
Isolates S/C/5, S/C/9b, S/P/24, E/C/4a, E/C/5a were selected for conjugation studies. All of 
them contained plasmids > 40 kb in size; isolate S/C/5 contained 115 kb and 140 kb plasmids. 
In addition, isolate S/C/21a which contained SGI1 and its antibiotic resistance genes are 
known to be located on the chromosome (Section 4.3.4) was also used as donor in conjugation 
study to assess the transfer of SGI1 (Table 4.5).  
 
4.2.5.2. Recipients 
A variety of laboratory isolates and food isolates cultured from this study were used as 
recipient in conjugation tests. Recipient strains used were: E/P/8a, E/F/13, E/F/16, E. coli 
HB101, E. coli JM109, S/P/9, and S/P/13 (Table 4.5). 
 
4.2.5.3. Antibiotic resistance markers  
Dependent on the combination of donor and recipient, the antibiotic resistance markers for 
donors and recipients were selected. Table 4.5 shows resistance marker used for each donor 
and recipient combination. When appropriate, antibiotics were added at the following 
concentrations: ampicillin 100 µg/mL; kanamycin 50 µg/mL; tetracycline 25 µg/mL, 
streptomycin: 300 µg/mL and chloramphenicol 50 µg/mL. 
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Table 4.5: List of donors and recipients strains used for conjugation studies 
Donors (serotype, source, antibiotic 
resistance marker for conjugation test) 
Recipients (serotype, source, antibiotic 
resistance marker for conjugation test) 
S/C/5 (S. Havana, chicken, AMP) E/P/8a (E. coli, pork, TET) 
S/C/5 (S. Havana, chicken, AMP) E/F/13 (E. coli, chicken faeces, KAN) 
S/C/5 (S. Havana, chicken, AMP) E/F/16 (E. coli, chicken faeces, KAN) 
S/C/5 (S. Havana, chicken, AMP) E. coli HB101 (E. coli, lab strain, STR) 
S/C/5 (S. Havana, chicken, AMP) E. coli JM 109 (E. coli, lab strain, NAL) 
S/C/5 (S. Havana, chicken, CHL)  S/P/9 (S. Typhimurium, pork, KAN) 
S/C/5 (S. Havana, chicken, AMP) S/P/13 (S. Anatum, pork, STR) 
S/C/9b (S. Havana, chicken, AMP) E/P/8a (E. coli, pork, TET) 
S/C/9b (S. Havana, chicken, AMP) E. coli JM 109 (E. coli, lab strain, NAL) 
S/P/24 (S. Anatum, pork, AMP) E. coli JM 109 (E. coli, lab strain, NAL) 
E/C/4a (E. coli, chicken, AMP) E. coli HB101 (E. coli, lab strain, KAN)  
E/C/5a (E. coli, chicken, AMP) E. coli HB 101 (E. coli, lab strain, KAN) 
S/C/21a (S. Albany, chicken, AMP) E. coli HB 101 (E. coli, lab strain, KAN) 
S/C/21a (S. Albany, chicken, AMP) E/F/13 (E. coli, chicken faeces, KAN) 
S/C/21a (S. Albany, chicken, CHL) E/F/16 (E. coli, chicken faeces, KAN) 
S/C/21a (S. Albany, chicken, CHL) S/P/9 (S. Typhimurium, pork, KAN) 
S/C/21a (S. Albany, chicken, AMP) S/P/13 (S. Anatum, Pork, STR) 
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4.2.5.4. Conjugation assay 
There were two methods used for the conjugation study, spread plate mating and liquid 
mating. In both methods, transconjugants were selected on LB-agar supplemented with the 
appropriate antibiotics. Colonies from the selector plates were picked off and re-identified, 
and their antibiotic resistance phenotypes were determined. The transfer frequencies were 
calculated by dividing the number of transconjugants by the total number of donor cells.  
 
4.2.5.4.1. Spread plate mating 
Donor strains and recipient strain were grown overnight at 37ºC with shaking in 10 mL L-
broth with appropriate antibiotics. Then neat, 10-1, 10-2, 10-3 dilutions of donor and recipient 
were prepared. For each concentration, 100 µL of donor and 100 µL of recipient strains were 
spread plate to LB-agar plates containing both selected antibiotics. The plates were incubated 
at 37ºC for 24 h then the numbers of transconjugants were enumerated.  
 
4.2.5.4.2. Liquid mating 
Mating procedures were carried out by mixing 0.5 ml and 1.0 ml of overnight donor and 
recipient broth cultures respectively in 10 ml of L-broth. The mixtures were incubated at 37ºC 
for 16-18 h without shaking. Neat, 10-1, 10-2, 10-3 dilutions of the mixture were prepared and 
0.2 mL volumes of each were spread onto separate LB-agar plates containing both selected 
antibiotics. The number of transconjugants was calculated after plates were incubated at 37ºC 
for 24 h. 
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4.2.6. The transfer ability of antibiotic resistance genes in Salmonella spp. 
isolates by transduction. 
The phage P22 HT105/1 int-201 (hereafter termed P22 HT), which is a derivative of 
bacteriophage P22, was used for transduction experiments. The transduction experiment was 
carried out in duplicate for each donor-recipient combination. 
 
4.2.6.1. Donor strains  
S. Typhimurium LT2 9121 (LT2, streptomycin resistance) was constructed to be additional 
resistance to trimethoprim, tetracycline and kanamycin by conjugation with antibiotic 
resistant food isolate S/SF/8a (conjugation procedures were as described in section 4.2.5). 
Transconjugants obtained were resistant to streptomycin, trimethoprim, tetracycline and 
kanamycin. One of them, named DLT1, was used as a donor in transduction experiment. 
Similarly, LT2 strain was constructed with additional resistances to antibiotics by 
electroporation with isolate S/C/21a (Chapter 2, Section 2.2.4.8). A transformant, named 
DLT2, was used as a donor in transduction experiment. DLT2 was resistant to streptomycin 
and nalidixic acid. 
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4.2.6.2. Recipient strain 
S. Typhimurium isolate S/C/10a, which was isolated from a chicken sample, and considered 
pathogenic (Chapter 5), was used as the recipient strain. 
  
4.2.6.3. Preparation of P22 HT lysates 
The donor strain was inoculated onto 10 mL LB-broth and aerated at 37ºC overnight. Then 
100 µL P22 broth was added and the culture was incubated overnight in a 37°C shaker. 
Unlysed cells and cell debris were removed by centrifugation for 2 min at 16,000 x g, yielding 
a solution of phage called a phage lysate. A few drop of chloroform were added and mixed. 
The phage lysate was stored at 4ºC. 
 
4.2.6.4. Transduction assay 
The recipient was grown saturated in 10 mL LB-broth at 37ºC overnight with aeration. One 
hundred µL was used to inoculate 10 mL of LB-broth which was then incubated for 3 h. Then 
2mL of recipient culture was transferred to a bijou bottle and 0.3 mL of phage lysate was 
added. The bijou was put on a shaker and incubated for 5 h. One hundred µL of the mixture 
was then spread onto selective plates which contained streptomycin, kanamycin, tetracycline, 
trimethoprim or nalidixic acid. As controls, the transducing lysates and the recipient cells 
were spread separately on plates. The plates were incubated overnight to determine the 
number of transductants. Transduction frequencies are given as transductants/plaque forming 
unit (pfu). Colonies that grew on antibiotic plates were stippled onto other antibiotic 
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containing plates to confirm resistance; they were also tested for antibiotic resistance 
phenotype. Antibiotics were used at concentration of: streptomycin 900 µg/mL, kanamycin 
100 µg/mL, tetracycline 20 µg/mL, trimethoprim 10 µg/mL and nalidixic acid 50 µg/mL. 
 
4.3. Result and discussion 
4.3.1. The presence of antibiotic resistance genes in E. coli and Salmonella 
spp. isolates. 
Genes implicated with antibiotic resistance and conferring resistance to different family of 
antibiotics, including beta-lactam (ampC, SHV, OXA, TEM), phenicols (cat1, cmlA, floR), 
sulfonamides (sulI), tetracycline (tetA, tetB, tetC), trimethoprim (dhfrV, dhfrI), 
aminoglycosides (aadA, aac(3)-I, aac(3)-IV, aphA-1), and macrolides (ereA) have been 
investigated by multiplex and uniplex PCRs to determine their distribution in food isolates. 
For detection of ampC genes, primers were designed for amplifying family-specific genes, 
including CITM, MOXM, DHAM, EBCM and FOXM family-specific primers (Section 
4.2.1).  
 
4.3.1.1. The presence of antibiotic resistance genes in E. coli isolates 
Thirty-eight E. coli isolates of different sources were selected to study the presence of 
antibiotic resistance genes. Figures 4.2 and 4.3 represent samples of agarose gel 
electrophoresis of multiplex PCR amplification of primer set II (TEM, cmlA, CITM, ereA, 
dhfrI, aac(3)-I) and uniplex PCR amplification of tetA gene. 
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The details of resistant phenotypes and resistance genes of all isolates are showed in Table 
4.6. The results showed good correlation between antibiotic resistance phenotype and 
genotypes in these E. coli isolates as the resistance phenotypes were expressed for most of the 
tested genes. However, 34.6% of the isolates (9/26 isolates) had aadA gene but only showed 
intermediate resistance to streptomycin, which can be explained as the gene is not very well 
expressed in these isolates. More than one gene encoding the same resistance was detected in 
one strain: two isolates from chicken contained tetracycline resistant genes tetA and tetC, one 
isolate from chicken and other isolate from chicken faeces contained phenicol resistance 
genes cat1 and cmlA. 
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Figure 4.2: Agarose gel electrophoresis of PCRs amplification of antibiotic resistance 
genes multiplex PCR set 2. 
M1: DNA ladder; +ve: positive control; Lanes 1-21: isolates E/C/3a, E/C/4a, E/C/5a, E/C/9b, 
E/C/11a, E/C/13a, E/C/15a, E/C/16a, E/C/17a, E/C/20a, E/C/21a, E/C/24a, E/C/25b, E/C/29a, 
E/P/15a, E/P/18a, E/P/20a, E/P/27a, E/P/43a, E/P/48a, E/P/49a respectively 
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Figure 4.3: Agarose gel electrophoresis of PCRs amplification of antibiotic resistance 
gene tetA. 
M: DNA ladder; +ve: positive control; -ve; negative control; Lanes 1-19: isolates E/C/3a, 
E/C/4a, E/C/5a, E/C/9b, E/C/11a, E/C/13a, E/C/17a, E/C/24a, E/C/25b, E/C/29a, E/P/18a, 
E/P/20a, E/P/27a, E/P/43a, E/P/48a, E/P/49a, E/B/16a, E/B/17b, E/B/46 respectively. 
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Table 4.6: Resistance phenotypes and resistance genes of E. coli isolates 
Isolate 
name Sources 
Antibiotic resistance pattern 
Resistance genes 
Resistance Intermediate resistance 
E/B/16a Beef AMP, TET, CHL,SUL, TRI, 
STR, AMOX 
AUG tetA, dhfrV, TEM 
E/B/17b Beef AMP, TET, CHL, TRI, STR, 
AMO 
CEP, AUG,NAL, 
ENR 
tetA, dhfrV, TEM 
E/B/46 Beef AMP, TET, CHL,SUL, TRI, 
STR, AMO 
CEP, AUG tetA, dhfrV, TEM 
E/B/41 Beef  CEP, AMP, AMO DHAM 
E/P/15a Pork AMP, TET, GEN, CHL,SUL, 
TRI, STR, KAN, AMO 
NAL, ENRO tetB, aadA, TEM, 
cmlA, aphA-1, 
aac(3)-IV 
E/P/18a Pork AMP, TET, GEN, SUL, NAL, 
ENR, AMO, STR 
CEP, NOR tetA, aadA, TEM, 
MOXM 
E/P/20a Pork AMP, TET, CHL, SUL, TRI, 
STR, AMO 
CEP, AUG tetA, aadA, TEM, 
cmlA 
E/P/27a Pork CIP, TET, GEN, SUL, TRI, 
NOR, NAL, ENR, STR 
CEP, AUG, AMP, 
AMOX 
tetA, aadA 
E/P/43a Pork AMP, TET, GEN, SUL, TRI, 
AMO, STR 
CHL tetA, aadA, TEM 
E/P/48a Pork AMP, TET, CHL, SUL, TRI, 
STR, NAL, AMO 
CEP, AUG, ENR tetA, aadA, dhfrV, 
TEM, cmlA 
E/P/49a Pork AMP, CIP, TET, GEN, CHL, 
SUL, TRI, NOR, STR, KAN, 
NAL, ENR, AMO 
CEP, AUG tetA, aadA, dhfrV, 
TEM, cmlA, apha-1
E/P/25a Pork AMP, CIP, TET, CHL, SUL, 
TRI, NOR, STR, NAL, ENR, 
AMO 
CEP, AUG tetB, aadA, CAT1, 
sulI, TEM, dhfrI 
E/SF/1a Shellfish AMP, TET, CHL, SUL, TRI, 
STR, NAL, AMO 
CEP, AUG, ENR tetA, CAT1, sulI, 
TEM 
E/SF/6a Shellfish AMP, CIP, TET, CHL, SUL, 
TRI, NOR, STR, NAL, ENR, 
AMO 
AUG tetB, aadA, TEM, 
cmlA 
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Isolate 
name Sources 
Antibiotic resistance pattern 
Resistance genes 
Resistance Intermediate resistance 
E/SF/10a Shellfish AMP, CIP, TET, SUL, TRI, 
NOR, STR, KAN, NAL, ENR, 
AMO, CEP 
AUG tetB, dhfrV, TEM, 
aphA-1 
E/SF/29 Shellfish AMP, TET, GEN, SUL, CEP, 
TRI, STR, NAL, AMO, AUG 
CHL, ENR CAT1, sulI, TEM 
E/SF/47a Shellfish AMP, TET, CHL, SUL, TRI, 
STR, AMO, CEP 
AUG tetA, TEM 
E/C/3a Chicken AMP, CIP, TET, GEN, 
CHL,SUL, TRI, NOR, STR, 
KAN, NAL, ENR, AMO 
CEP, AUG tetA, aadA, dhfrV, 
TEM, cmlA, aphA-
1, aac(3)-IV  
E/C/4a Chicken AMP, CIP, TET, GEN, CHL, 
SUL, NOR, NAL, ENR, AMO  
CEP, AUG, 
TRI,STR, KAN  
tetA, tetC, aadA, 
TEM, cmlA,aac(3)-
IV  
E/C/5a Chicken AMP, CIP, TET, SUL, TRI, 
NOR, STR, NAL, ENR, AMO, 
AUG, CEP 
  tetA, aadA, dhfrV, 
TEM 
E/C/9b Chicken AMP, CIP, TET, GEN, CHL, 
SUL, TRI, NOR, STR, KAN, 
NAL, ENR, AMO, CEP 
AUG tetA, aadA, dhfrV, 
TEM, cmlA,dhfrI, 
aphA-1 
E/C/11a Chicken AMP, TET, CHL, SUL, TRI, 
STR, NAL, AMO 
CEP, AUG, ENR tetA, dhfrV, TEM 
E/C/13a Chicken AMP, CIP, TET, GEN, SUL, 
NOR, STR, NAL, ENR, AMO 
CEP, AUG, TRI tetA, TEM 
E/C/15a Chicken AMP, TET, SUL, TRI, STR, 
NAL, ENR, AMO 
CEP, AUG tetB, tetC, sulI, 
TEM, MOXM 
E/C/16a Chicken AMP, CIP, TET, GEN, CHL, 
SUL, TRI, NOR, NAL, ENR, 
AMO, CEP, AUG 
KAN tetB, CAT1, sulI, 
TEM, dhfrI, 
MOXM 
E/C/17a Shellfish AMP, TET, GEN, CHL,SUL, 
TRI, NOR, KAN, NAL, ENR, 
AMO, STR 
CEP, CIP, AUG tetA, aadA, CAT1, 
sulI, TEM, cmlA, 
aphA-1, aac(3)-IV 
E/C/20a Chicken AMP, CIP, TET, GEN, CHL, 
SUL, NOR, NAL, ENR, AMO 
CEP, AUG, TRI, 
STR 
tetB, aadA, TEM, 
cmlA, aac(3)-IV 
E/C/21a Chicken AMP, CIP, TET, GEN, CHL, 
SUL, TRI, NOR, STR, NAL, 
ENR, AMO, CEP 
AUG, KAN tetB, aadA, sulI, 
CAT1, TEM, dhfrI, 
MOXM 
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Isolate 
name Sources 
Antibiotic resistance pattern 
Resistance genes 
Resistance Intermediate resistance 
E/C/24a Chicken AMP, TET, GEN, SUL, TRI, 
AMO, CHL, STR 
CEP, AUG, NAL, 
ENR 
tetA, aadA, TEM, 
cmlA,aac(3)-IV  
E/C/25b Chicken AMP, CIP, TET, CHL, SUL, 
TRI, NOR, STR, NAL, ENR, 
AMO, AUG 
  tetA, aadA, TEM, 
cmlA 
E/C/29a Chicken AMP, TET, SUL, TRI, AMO CEP, AUG, STR tetA, aadA, sulI, 
TEM, dhfrI 
E/F/3 Chicken 
faeces 
AMP, TET, GEN, CHL,SUL, 
TRI, STR, NAL, ENR, AMO 
CEP, NOR tetA, aadA, sulI, 
TEM, dhfrI 
E/F/8 Chicken 
faeces 
AMP, TET, GEN, CHL,SUL, 
TRI, KAN, NAL, ENR, AMO 
CEP, AUG, STR tetA, aadA, sulI, 
TEM, cmlA 
E/F/9 Chicken 
faeces 
AMP, TET, GEN, CHL, SUL, 
TRI, NAL, AMO, CEP 
AUG, STR, ENR tetA, aadA, CAT1, 
sulI, TEM, cmlA 
E/F/13 Chicken 
faeces 
TET, GEN, CHL,SUL, TRI, 
KAN, NAL 
CEP, STR, ENR tetA, aadA, sulI, 
cmlA, aphA-1 
E/F/16 Chicken 
faeces 
TET, GEN, CHL,SUL, TRI, 
KAN, NAL 
CEP, STR, ENR tetA, aadA, sulI, 
cmlA, aphA-1 
E/F/20 Chicken 
faeces 
TET, GEN, CHL,SUL, TRI, 
KAN, NAL 
STR, ENR tetA, aadA, sulI, 
cmlA, aphA-1 
E/F/25 Chicken 
faeces 
TET, CHL, SUL, TRI, NOR, 
NAL, ENR, CIP 
CEP, STR tetA, aadA, sulI, 
cmlA 
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Table 4.7 shows the frequency of resistance determinants in antibiotic resistant and 
intermediate resistant E. coli isolates. Resistance genes which were examined in this study 
were grouped into different antibiotic classes. As can be seen from the table, the multiresistant 
E. coli strain had a unique beta-lactamase blaTEM gene, and 94% of ampicillin resistant 
isolates contained this gene. Isolates from all food sources: chicken, beef, pork, shellfish and 
also chicken faeces contained this gene. These results complied with other studies such as 
Guerra et al.  (2003) who found the presence of this gene in German E. coli isolates from 
cattle, swine and poultry at the rate of 92% and with the study by Brinas et al.  (2002) in 
Spain which found the presence of blaTEM gene in 83% of E. coli isolates from foods, humans, 
and healthy animals. In contrast, other beta-lactamase genes, SHV-type and OXA-type were 
not detected in any isolate in this study. 
Plasmid-mediated ampC beta-lactamase genes were observed in some E. coli isolates as a 
positive PCR result was detected with MOXM family-specific primers in chicken and pork 
isolates, suggesting the presence of MOX-1, MOX-2, CMY-1, or CMY-8 to CMY-11 genes 
in these isolates. In addition, an expected band has observed in a beef isolate with DHAM 
family-specific primers, indicating the isolate contained DHA-1 or DHA-2 genes. Our result 
demonstrated that the blaCMY-2 and blaCMY-4 genes were not present in these tested isolates as 
there was no amplification products with CITM primer pair. In contrast, other studies have 
found these genes in retail meat and food animal such as in the US and Taiwan (Zhao et al., 
2001c;  Yan et al., 2004). To our knowledge, this is the first report of the presence of ampC 
genes in enteric bacteria in food isolates in Vietnam. Therapeutic options for infections from 
Gram-negative bacteria overexpressing plasmid-mediated AmpC beta-lactamases are limited 
due to the resistance of bacteria to most beta-lactam antibiotics, except for cefepime, 
cefpirome and carbapenems (Perez-Perez and Hanson, 2002). Plasmid encoding AmpC 
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enzymes often carry multiple resistances and there is evidence of spread of plasmid-mediated 
AmpC beta-lactamases genes between organisms (Bauernfeind et al., 1997; Winokur et al., 
2001; Philippon et al., 2002; Yan et al., 2004). Therefore further studies about distribution of 
ampC genes are necessary to help reduce the spread of antibiotic resistance genes. 
The sulI genes were detected in 41.7% sulfonamide resistant isolates in this study. The sulI 
and sul2 genes are known to be prevalent in Enterobacteriaceae and newer sul3 gene were 
reported to be responsible for sulfonamides resistance in E. coli isolates from meat and 
poultry (Guerra et al., 2003; Saenz et al., 2004;  Hammerum et al., 2006). However, the sul2 
and sul3 genes amplifications were not included in this study therefore it is possible that most 
of the rest of the 58.3% strains which do not contain sulI gene might contain these genes. A 
study by Maynard et al. (2004) found that blaTEM and sulI genes were prevalent in E. coli 
isolates from animals and humans with extraintestinal infections. Therefore, the widespread of 
antibiotic resistance genes in food animals should be considered seriously as they could be 
transferred to other human pathogens. 
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Table 4.7: Frequency of resistance genes in resistant and intermediate resistant E. coli 
strains. 
Antimicrobial (number R 
and I strains), include 
(Origin (No.)) 
Gene Strains which contained the genes 
no. % Origin (No.) 
Cephalothin (32), include Class C 
betalactams 
(ampC) 
   
(C(13), B(3), P(6), SF(4), 
CF (6)) 
CITM  0 0 - 
 MOXM  4 12.5 C(3), P(1) 
 DHAM 1 3.1 B(1) 
 EBCM 0 0 - 
 Others  27 84.4 C(10), B(2), P(5), SF(4), 
CF (6) 
Ampicillin (34), include Class A 
betalactams 
    
(C(14), B(4), P(8), SF(5), 
CF (3)) 
SHV 0 0 - 
 OXA 0 0 - 
 TEM 32 94.1 C(14), B (3), P(7), SF(5), 
CF(3) 
  Others 2 5.9 B(1), P(1) 
Tetracycline (37), include Tetracycline    
(C(14), B(3), P(8), SF(5), 
CF (7)) 
tetA 27 73 C(9), B(3), P(6), SF(2), 
CF(7) 
 tetB 7 18.9 C(3), P(2), SF(2) 
 tetC 0 0 - 
 tetA+TetC 1 2.7 C(1) 
 tetB+TetC 1 2.7 C(1) 
 Others  1 2.7 1(SF) 
Sulphafurazole (36), include Sulfonamides     
(C(14), B(2), P(8), SF(5), 
CF (7)) 
sulI 15 41.7 C(5), P(1), SF(2), CF(7) 
  Others  21 58.3 C(9), B(2), P(7), SF(3) 
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Antimicrobial (number R 
and I strains), include 
(Origin (No.)) 
Gene Strains which contained the genes 
no. % Origin (No.) 
Chloramphenicol (30), 
include 
phenicol     
(C(10), B(3), P(6), SF(4), 
CF (7)) 
cat1 5 16.7 C(3), P(1), SF(2)  
 cmlA 16 53.3 C(6), P(4), SF(1), CF(5) 
 cat1+cmlA 2 6.7 C(1), CF(1) 
 floR 0 0.0 - 
 Others  7 23.3  C(1), B(3), P(1), SF(1), 
CF(1) 
Trimethoprim (36), include Trimethoprim     
(C(14), B(3), P(7), SF(5), 
CF (7)) 
dhfrV 10 27.8 C(4), B(3), P(2), SF(1) 
 dhfrI 4 11.1 C(3), CF(1) 
  Others  22 61.1 C(7), P(5), SF(4), CF(6) 
 Aminoglycosides     
Streptomycin (36), include aadA 26 72.2 C(10), P(8), SF(1), CF(7) 
(C(13), B(3), P(8), SF(5), 
CF (7)) 
Others  10 27.8 C(3), B(3), SF(4) 
Gentamycin (21), include aac(3)-I 0 0 - 
(C(9), P(5), SF(1), CF (6)) aac(3)-IV  6 28.6 C(5), P(1) 
  Others  15 71.4 C(4), P(4), SF(1), CF(6) 
Kanamycin (13), include aphA-1 9 69.2 C(3), P(2), SF(1), CF(3) 
(C(6), P(2), SF(1), CF (4)) Others 4 30.8 C(3), CF(1) 
 Macrolide (NA) Macrolides      
  ereA 0    
C: Chicken; B: Beef; P: Pork; SF: Shellfish; CF: Chicken faeces; R: resistant;  
I: Intermediate resistant; others: resistance to antibiotic by other mechanisms other than tested 
in this study. NA: not applicable as the susceptibility test of the isolates to macrolide was not 
included in this study. 
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The rapid spread of tetracycline resistant determinants among bacterial population is due to 
the localisation of tetracycline genes on mobile elements such as plasmids, transposons and 
integrons (Chopra and Roberts, 2001; Roberts, 2003; Sunde and Nordstrom, 2006). In this 
study, it was found that tetracycline resistance genes do spread in E. coli populations. The 
tetA gene was the most prevalent of the tetracycline resistance genes (72%), followed by tetB 
(19%). In addition, one chicken isolate contained a combination of tetA+ tetC. Furthermore, 
gene combinations of tetB+ tetC were detected in other chicken isolates. Elevated levels of 
tetracycline in the environment could be the reason for the acquisition of more than one gene 
in these chicken isolates. Studies from other countries also found that resistance to 
tetracycline in isolates from livestock and food animal was mostly due to tetA and tetB: in 
Switzerland (Lanz et al., 2003), in Germany (Guerra et al., 2003), in Canada (Boerlin et al., 
2005), in USA (Bryan et al., 2004), in Denmark (Sengelov et al., 2003), in Spain (Saenz et 
al., 2004). Among 37 tetracycline resistant isolates, only one isolate from shellfish did not 
contain any tetA, tetB or tetC genes. The rare tet determinants such as tetD, tetM or tetG 
which were found infrequently in livestock and food animals (Schwarz and Chaslus-Dancla, 
2001a; Guerra et al., 2003; Bryan et al., 2004) could be present in this isolate. 
 
This study has also shown that the cmlA gene was the most prevalent gene which confered 
resistance to chloramphenicol (60%), followed by cat1 (23.3%). However, none of the 
chloramphenicol-resistant isolates from beef contained these genes, suggesting that another 
mechanism of chloramphenicol resistance is present in beef isolates. There were two isolates 
from chicken and shellfish, which have two chloramphenicol resistance determinants of cat1 
and cmlA. The floR gene, which is also responsible for chloramphenicol resistance, has been 
found in E. coli (Cloeckaert et al., 2000, Keyes et al., 2000, White et al., 2000a; Doublet et 
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al., 2002; Singer et al., 2004), however, none of tested isolates contained the floR gene in this 
study.  
There was 39% of trimethoprim resistant isolates containing dhfrV and dhfrI genes, 
suggesting that other mechanisms are responsible for trimethoprim resistance in the other 
61% isolates, such as other dhfR trimethoprim resistance genes or chromosomal mutation are 
present (Huovinen et al., 1995).  
The finding of widespread streptomycin aadA genes in E. coli isolates (72.2%) was consistent 
with studies in other countries (Guerra et al., 2003, Lanz et al., 2003). None of the E. coli 
streptomycin resistant isolates in beef contained the aadA gene, which implied that other 
streptomycin resistance determinants such as strA/strB could be present in non-aadA- 
containing isolates. However, these were not investigated in this study. 
Of the kanamycin resistant strains, 69% contained the aphA gene. On the other hand, a study 
in Germany found 100% of the gentamycin resistant E. coli isolates from food animal 
contained these genes (Guerra et al., 2003). There was 29% gentamycin resistant isolates 
(isolated from chicken and pork) containing the aac(3)-IV gene. This gene encodes for 
resistance to gentamycin, apramycin, and tobramycin and has been detected from both 
humans and animal sources (Salauze et al., 1990; Chaslus-Dancla et al., 1991; Hunter et al., 
1994; Boerlin et al., 2005). The result suggests that raw food samples represent a significant 
reservoir for this gene of public health interest. None of the gentamycin-resistant isolates in 
this study contained the aac(3)-I gene, suggesting the presence of gentamicin resistance genes 
other than aac(3)-IV and aac(3)-I in the rest of the gentamycin resistance isolates (71%). This 
study also included primers to detect the presence of macrolide resistance gene (ereA gene). 
However, none of the isolates contained this gene. 
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4.3.1.2. Detection for the presence of antibiotic resistance genes in 
Salmonella spp. isolates 
DNA from twenty six Salmonella spp. isolates was amplified by PCR with primers specific 
for selective antibiotic resistance genes. Table 4.8 summarises the resistance phenotypes and 
resistance genes of all tested Salmonella spp. isolates. As was observed in E. coli isolates, 
Salmonella strains which contained resistance genes were also resistant or intermediate 
resistance to the corresponding antibiotics. The isolate S/B/7, which was susceptible to all 
antibiotic tested, did not contain any antibiotic resistance genes, as expected. 
Table 4.9 summarises the rate of resistance determinants occurence in antibiotic resistant and 
intermediate resistant Salmonella spp. isolates. No ampC genes were detected in all 26 
Salmonella spp. isolates. The reason for this could be the absence of plasmid-mediated ampC 
genes in these isolates. Another reason could be that this PCR has only amplified plasmid-
mediated ampC specific family for Klebsiella pneumoniae, E. coli, Proteus mirabilis, and 
S. Typhimurium (Perez-Perez and Hanson, 2002), therefore the genes in other Salmonella 
serotypes might not be amplified.  
Among these 26 isolates, an S. Albany isolated from pork, S/C/21a, contained the Salmonella 
genomic island I and was confirmed to contain antibiotic resistance genes of dfrA1, floR, tetR, 
tet(G), pse1 and sulI when using other target primers and sequencing for genomic island I 
(Section 4.3.4). These results were consistent with PCR antibiotic resistance genes 
amplification in this section where amplification of floR, sulI and dfrA1 (dhfrI) genes gave 
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positive results for this isolate (Table 4.8). The amplification of tetR, tet(G), pse1 genes were 
not included in PCRs for the detection of antibiotic resistance genes in this study.  
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Table 4.8: Resistance phenotypes and resistance genes of Salmonella spp. isolates 
Isolate 
name Sources 
Antibiotic resistance pattern 
Resistance genes 
Resistance Intermediate resistance 
S/B/7 Beef Sensitive     
S/B/31 Beef TET, SUL     
S/B/19a Beef TET, SUL, STR, NAL ENR tetA 
S/P/3 Pork AMP, TET, NAL, AMO, 
ENR 
STR TEM 
S/P/4 Pork AMP, TET, AMO STR, NAL TEM 
S/P/7 Pork AMP, TET, NAL, AMO    TEM 
S/P/9 Pork AMP, TET, GEN, SUL, TRI, 
STR, KAN,AMO 
  tetB, aadA, TEM, aphA-1 
S/P/10 Pork TET, SUL   tetA 
S/P/11 Pork AMP, TET, AMO STR, NAL tetA, TEM 
S/P/13 Pork TET, SUL, STR   tetA 
S/P/15 Pork AMP, TET, NAL, AMO TRI tetA, TEM 
S/P/16 Pork TET, SUL, STR, NAL, ENR   tetA 
S/P/18 Pork AMP, TET, NAL, ENR, 
AMO 
  TEM 
S/P/23 Pork AMP, TET, AMO STR, NAL tetA, TEM  
S/P/24 Pork AMP, TET, SUL, STR, AMO   tetA, TEM 
S/P/25b Pork TET, SUL, STR   tetA 
S/P/28 Pork AMP, TET, AMO NAL tetA, TEM 
S/P/30a Pork AMP, TET, AMO STR, NAL tetA, TEM 
S/SF/8a Shellfish TET, TRI, KAN STR tetB, aadA, aphA-1 
S/C/3 Chicken TET, SUL, STR, NAL, ENR  tetA 
S/C/5 Chicken AMP, GEN, CHL, SUL, 
AMO 
STR, NAL, 
ENR  
aadA, TEM, cmlA, aac(3)-IV 
S/C/9a Chicken TET, STR, NAL SUL, ENR tetA 
S/C/9b Chicken AMP, AMO NAL, ENR TEM 
S/C/10a Chicken SUL STR   
S/C/21a Chicken AMP, TET, CHL, SUL, TRI, 
NAL, AMO 
AUG, STR, 
ENR 
floR, sulI, dhfrI 
S/C/23b Chicken TET, SUL, STR   tetA 
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Table 4.9: Frequency of resistance determinants in antibiotic resistant and intermediate 
resistant Salmonella spp.  isolates 
Antimicrobial (number R 
and I strains), include 
(Origin (No.)) 
Gene 
Strains which contained the 
genes 
no. % Origin (No.) 
Cephalothin (0) Class C betalactams 
(ampC) 
   
 CITMa 0   
 MOXMb 0   
 DHAMc 0   
 EBCMd 0   
 Others    
Ampicillin (14), include Class A betalactams     
(C(3), P(11)) SHV 0 0.0 - 
 OXA 0 0.0 - 
 TEM 13 92.9 C(2), P (11) 
  Others 1 7.1 C(1) 
Tetracycline (22), include Tetracycline    
(C(4), B(2), P(15), SF(1)) tetA 14 63.6 C(3), B(1), P(10) 
 tetB 2 9.1 P(1), SF(1) 
 tetC 0 0.0 - 
 Others 6 27.3 C(1), B(1), P(4) 
Sulphafurazole (14), include Sulfonamides     
(C(6), B(2), P(6)) sulI 1 7.1 C(1) 
  Others 13 92.9 C(5), B(2), P(6) 
Chloramphenicol (2), include phenicol     
(C(2)) CAT1 0 0.0 - 
 cmlA 1 50.0 C(1) 
 floR 1 50.0 C(1) 
 Others 0 0.0 - 
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Antimicrobial (number R 
and I strains), include 
(Origin (No.)) 
Gene 
Strains which contained the 
genes 
no. % Origin (No.) 
Trimethoprim (4), include Trimethoprim     
(C(1), P(2), SF(1)) dhfrV 0 0.0 - 
 dhfrI 1 25.0 C(1) 
  Others 3 75.0 P(2), SF(1) 
 Aminoglycosides    
Streptomycin (18), include aadA 3 16.7 C(1), P(1), SF(1) 
(C(6), B(1), P(10), SF(1)) Others 15 83.3 C(5), B(1), P(9) 
Gentamycin (2), include aac(3)-I  0 0.0 - 
(C(1), P(1)) aac(3)-IV  1 50.0 C(1) 
  Others 1 50.0 P(1) 
Kanamycin (2), include aphA-1  2 100.0 P(1), SF(1) 
(P(1), SF(1)) Others 0 0.0 - 
 Macrolides (NA) Macrolides      
  ereA     
C: Chicken; B: Beef; P: Pork; SF: Shellfish; CF: Chicken faeces; R: resistant;  
I: Intermediate resistant; Others: resistance to antibiotic by other mechanisms other than genes 
tested in this study. NA: not applicable as the susceptibility test of the isolates to macrolide 
was not included in this study. 
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The most common cause of bacterial resistance to beta-lactam antimicrobial agents are beta-
lactamase (Livermore, 1995). In this study, 13 of 14 ampicillin resistance isolates contained 
beta-lactam TEM gene, except the S/C/21a isolate did not have this gene as indicated from the 
PCR amplification results. This was expected as this isolate contained the beta-lactam pse-1 
gene as mentioned above. The result was in agreement with other finding as blaTEM gene was 
found to be present in most ampicillin resistant strains (Chen et al., 2004a; Guerri et al., 2004; 
Miko et al., 2005).  
 
The results show that the tetA was the predominant tetracycline resistance gene (63.6%), 
followed by tetB (9.1%) in 16 tetracycline-resistant isolates. The other 6 isolates did not 
contain tetA, tetB or tetC gene. Tetracycline determinants tetA and tetB are common in 
foodborne and human Enterobacteriaceae (Guardabassi et al., 2000; Guerra et al., 2003; 
Hartman et al., 2003; Lanz et al., 2003; Sengelov et al., 2003; Cabrera et al., 2004; Pezzella et 
al., 2004; Boerlin et al., 2005; Peirano et al., 2006). In this study, 91.9% of tetracycline 
resistant E. coli and 72.7% of tetracycline resistant Salmonella isolates contained tetA and 
tetB genes, indicating the common acquisition of the tetA and tetB genes among bacteria 
isolated from food samples in Vietnam.  
The gene responsible for streptomycin resistance, aadA gene, was detected in only 16.7% of 
isolates. Other resistance mechanisms could exist for the remainder of the isolates, such as 
strA-strB gene which have been found in high rates in S. Typhimurium non DT104 strains and 
in a variety of other Salmonella serotypes (Pezzella et al., 2004; Miko et al., 2005). The 
presence of sulI gene, which is responsible for sulfonamide resistance, was detected in one 
isolate of the 14 sulfonamide resistance isolates. In contrast, other studies found this gene to 
be present at moderate to high rates in retail meats and foods (Chen et al., 2004a; Miko et al., 
2005; Hammerum et al., 2006; Peirano et al., 2006). The difference in serotypes of 
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Salmonella spp. among studies could lead to the different rate of sulI gene. The other 13 
sulfonamide resistant strains in this study could contain other mechanisms of resistance which 
were not investigated such as sul2 and sul3 genes (Chen et al., 2004a; Miko et al., 2005; 
Peirano et al., 2006). 
The number of strains which were resistant to chloramphenicol, trimethoprim, gentamycin 
and kanamycin in this study were very low (2-4 isolates) to provide an accurate estimation 
about distribution of genes which correspond to resistance to these antibiotics. However, the 
two kanamycin resistant isolates contained aphA-1 genes (100%). A study by Miko et al. 
(2005) also found most of Salmonella kanamycin resistant strains contained this gene.  
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4.3.2. Plasmid content of Salmonella spp. and E. coli isolates 
4.3.2.1. Select plasmid extraction method for detecting large size plasmid in food 
isolates 
As resistance genes are normally found in large plasmids, the plasmid extraction method used 
in this study aimed to recover large plasmids. The Kado and Liu methods (Kado and Liu, 
1981) are known able to isolate large plasmid from Salmonella spp. and E. coli (Aabo et al., 
1995; Bertin, 1995; Brackelsberg et al., 1997). Therefore, to select the plasmid extraction 
method which applied best for this study, the Kado and Liu method (with some 
modifications), both with incubation in cell lysis step and no incubation in cells lysis step, and 
the use of Promega plasmid isolation kit were compared.  
High molecular weight plasmid DNA (>95 kb) could not be recovered by using the kit 
(Figure 4.4, Lane 1c, 2c, 3c, and 4c). This could be because the binding resin did not enhance 
the recovery of plasmids of this mass. In contrast, the Kado and Liu method, both small and 
large plasmids were recovered. The plasmid contents were similar in both procedures 
(incubation and no incubation in the cell lysis step) but with incubation at 60ºC for 1 h, both 
Salmonella spp. and E. coli strains gave cleaner plasmid yield with little RNA and 
chromosomal DNA contamination (Figure 4.4, lane 1a, 2a, 3a, 4a compared to lane 1b, 2b, 
3b, 4b). Therefore the modification of the Kado and Liu method, with incubation 60ºC for 1 h 
for the cell lysis step was used as the plasmid extraction method in this study.  
There were 23 Salmonella spp. isolates and 33 E. coli isolates, which were resistant to 
antibiotics included for study of their plasmid contents. In the plasmid extraction procedure, 
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due to a high pH, non-supercoiled DNA (such as linear fragments of chromosomal DNA, 
relaxed and nicked circular DNA) was separated and removed from solution, whereas 
covalently closed circular (supercoiled) plasmid DNA still remains and could be recovered. 
The positive control strain, S. Typhimurium 82/6915 contained a single 95 kb virulence 
plasmid, which was successfully recovered in this study with only one clear band of 95 kb 
(Figure 4.5), confirming that no other form of plasmid such as linear or open circular plasmid 
were present during extraction. However, the number of plasmids in each strain were not 
counted in this study in case more than one form of plasmids existed, which might be 
occasionally present during extraction. The result was interpreted as present/absent of plasmid 
in each isolate and isolates having the same plasmid profile were grouped together. Sizes of 
the plasmids were compares using the BAC-Tracker supercoiled ladder and catalogued 
according to size range <8 kb, 8-38 kb, 38-55 kb, 55-95 kb, 95-120 kb, 120-165 kb, or >165 
kb (Table 4.10 and 4.11). 
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Figure 4.4: Plasmids content of Salmonella spp. and E.coli isolates using different 
plasmid extraction method. 
Lanes 1a, 1b, 1c: Plasmids of S/C/10a isolate (S. Typhimurium) using Kado and Liu method 
with incubation 60°C for 1 h after lysis, Kado and Liu method without incubation after lysis 
and Promega Plasmid Extraction Kit respectively. Similarly, lane 2a-2c, 3a-3c, 4a-4c: 
plasmids of isolate S/P/24 (S. Anatum), isolate E/SF/1a (E. coli) and isolate E/C/29a (E. coli) 
respectively. M: BAC-Tracker Supercoiled DNA Ladder. 
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Figure 4.5: High molecular weight (95 kb) plasmid of S. Typhimurium 82/6915 (lane 1); 
M: BAC-Tracker ™ Supercoiled DNA Ladder. 
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4.3.2.2. Presence of plasmid DNA in Salmonella spp. and E. coli isolates 
When 23 Salmonella spp. isolates were examined for the presence of plasmids, all of them 
contained plasmid with 17 different plasmid patterns observed (Table 4.10). The relationship 
between the presence of plasmid and antibiotic resistance in Salmonella spp. has been 
reported by Luque et al. (1994). In this study, some correlation between plasmid pattern and 
antibiotic resistance was observed such as two isolates which share plasmid pattern S1 were 
resistant to tetracycline, sulphafurazole and streptomycin; or isolates which have the same 
plasmid patterns S5, S12 or S13 also shared common antibiotic resistance phenotypes (Table 
4.10).  
All 33 tested E. coli isolates harboured plasmids and a great diversity of plasmid profiles was 
detected in E. coli strains, with 26 profiles from 33 isolates. Twenty one of these profiles were 
unique, while the remaining 5 profiles (profiles E3, E5, E9, E21, E22) were shared by two or 
three strains each. The relationship between antibiotic resistance and plasmid profiles was not 
obvious in E. coli isolates as they exhibited resistance to a wide range of antibiotics, except 
three isolates with plasmid profile E9 had the same antibiotic resistance phenotype (Table 
4.11).  
It was observed that 35% (8/23) Salmonella spp. isolates and 76% (26/33) E. coli isolates 
contained plasmids of more than 95 kb in which some isolates contained two plasmid of this 
size. High molecular weight plasmids are often attributed to virulence and antibiotic 
resistance. Moreover, resistance encoded on large self-transferable plasmids have been 
detected in Salmonella spp. and E. coli (Brackelsberg et al., 1997; Madsen et al., 2000; 
Nastasi and Mammina, 2001; Orman et al., 2002; Yates et al., 2004; Bischoff et al., 2005; 
Gebreyes and Thakur, 2005; Harakeh et al., 2005; Kariuki et al., 2005; Michael et al., 2005; 
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Kariuki et al., 2006). Therefore the presence of large plasmids in E. coli and Salmonella spp. 
isolates detected in this study could have contributed to the spread of resistance genes.  
CHAPTER 4: MOLECULAR GENETIC MECHANISMS INVOLVED IN ANTIBIOTIC RESISTANCE OF 
SALMONELLA SPP. AND E. COLI  ISOLATES 
 
  
 
 
185 
 
 
Table 4.10: Plasmid content of Salmonella spp. isolates and their antibiotic resistant phenotype 
Isolates Sources 
Pl
as
m
id
 
pr
of
ile
 
<8
 k
b 
8-
38
 k
b 
38
-5
5 
kb
 
55
-9
5 
kb
 
95
-1
20
 k
b 
12
0-
16
5 
kb
 
>1
65
 k
b 
Antibiotic resistance patterns 
S/P/13 Pork S1  √      TET, SUL, STR 
S/P/25b Pork S1  √      TET, SUL, STR 
S/P/11 Pork S2 √ √      AMP, TET, AMO 
S/P/23 Pork S3 √ √      AMP, TET, AMO 
S/P/28 Pork S4 √ √      AMP, TET, AMO 
S/P/7 Pork S5 √       AMP, TET, NAL, AMO  
S/P/4 Pork S5 √       AMP, TET, AMO 
S/P/18 Pork S5 √       AMP, TET, NAL, ENR, AMO 
S/P/3 Pork S5 √       AMP, TET, NAL, ENR, AMO 
S/C/9a Chicken S6 √       TET, STR, NAL 
S/C/21a Chicken S7 √       AMP, TET, CHL, SUL, TRI, NAL, 
AMO 
S/C/5 Chicken S8     √ √  AMP, GEN, CHL, SUL, AMO 
S/C/9b Chicken S9 √ √   √   AMP, AMO 
S/C/10a Chicken S10 √    √   SUL 
S/B/31 Beef S11 √ √   √   TET, SUL 
S/C/3 Chicken S12 √ √   √   TET, SUL, STR, NAL, ENR 
S/P/16 Pork S12 √ √   √   TET, SUL, STR, NAL, ENR 
S/P/9 Pork S13 √ √     √ AMP, TET, GEN, SUL, TRI, 
STRE, KAN, AMO 
S/SF/8a Shellfish S13 √ √     √ TET, TRI, KAN 
S/B/19a Beef S14 √  √     TET, SUL, STR, NAL 
S/P/15 Pork S15 √  √     AMP, TET, NAL, AMO 
S/P/24 Pork S16 √ √ √     AMP, TET, SUL, STR, AMO 
S/C/23b Chicken S17  √  √    TET, SUL, STR 
Number of isolates 
(Total 23) 
 19 13 3 1 6 1 2  
Isolates with have plasmids of this size range were given √ 
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Table 4.11: Plasmid content of E. coli isolates and their antibiotic resistant phenotype 
Isolates Sources 
Pl
as
m
id
 
pr
of
ile
 
<8
 k
b 
8-
38
 k
b 
38
-5
5 
kb
 
55
-9
5 
kb
 
95
-1
20
 k
b 
12
0-
16
5 
kb
 
>1
65
 k
b 
Antibiotic resistance 
patterns 
E/C/4a Chicken E1      √  AMP, CIP, TET, GEN, 
CHL,SUL, NOR, NAL, ENR, 
AMO  
E/C/24a Chicken E2    √ √   AMP, TET, GEN, SUL, TRI, 
AMOX, CHL, STR 
E/C/29a Chicken E3 √    √   AMP, TET, SUL, TRI, AMO 
E/B/46 Beef E3 √    √   AMP, TET, CHLO, SUL, TRI, 
STREP, AMOX 
E/P/20a Pork E4 √    √   AMP, TET, CHL, SUL, TRI, 
STREP, AMOX 
E/P/49a Pork E5     √   AMP, CIP, TET, GEN, CHL, 
SUL, TRI, NOR, STR, KAN, 
NAL, ENR, AMO 
E/SF/1a Shellfish E5     √   AMP, TET, CHL, SUL, TRI, 
STR, NAL, AMO 
E/P/18a Pork E6    √ √   AMP, TET, GEN, SUL, NAL, 
ENR, AMOX 
E/P/43a Pork E7     √   AMP, TET, GEN, SUL, TRI, 
AMO, STR 
E/F/2 Chicken 
faeces 
E8    √  √  AMP, TET, GEN, CHL, SUL, 
TRI, AMO 
E/F/13 C. faeces E9 √     √  TET, GEN, CHL, SUL, TRI, 
KAN, NAL 
E/F/16 C. faeces E9 √     √  TET, GEN, CHLO, SUL, TRI, 
KAN, NAL 
E/F/20 C. faeces E9 √     √  TET, GEN, CHLO,SUL, TRI, 
KAN, NAL 
E/F/25 C. faeces E10 √     √  TET, CHL, SUL, TRI, NOR, 
NAL, ENR, CIP 
E/C/17a Chicken E11 √ √ √     AMP, TET, GEN, CHLO, SUL, 
TRI, NOR, KAN, NAL, ENRO, 
AMOX, STR 
E/P/48a Pork E12   √     AMP, TET, CHL, SUL, TRI, 
STR, NAL, AMO 
E/C/25b Chicken E13   √ √  √  AMP, CIP, TET, CHL, SUL, 
TRI, NOR, STR, NAL, ENR, 
AMO, AUG 
E/C/3a Chicken E14     √ √  AMP, CIP, TET, GEN, 
CHLO,SUL, TRI, NOR, STR, 
KAN, NAL, ENRO, AMOX 
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Isolates Sources 
Pl
as
m
id
 
pr
of
ile
 
<8
 k
b 
8-
38
 k
b 
38
-5
5 
kb
 
55
-9
5 
kb
 
95
-1
20
 k
b 
12
0-
16
5 
kb
 
>1
65
 k
b 
Antibiotic resistance 
patterns 
E/C/5a Chicken E15 √  √   √  AMP, CIP, TET, SUL, TRI, 
NOR, STREP, NAL, ENR, AMO 
E/P/15a Pork E16 √ √    √  AMP, TET, GEN, CHLO, SUL, 
TRI, STRE, KAN, AMOX 
E/P/25a Pork E17 √     √  AMP, CIP, TET, CHL, SUL, 
TRI, NOR, STR, NAL, ENR, 
AMO 
E/F/3 Chicken 
faeces 
E18 √ √   √   AMP, TET, GEN, CHL, SUL, 
TRI, STR, NAL, ENR, AMO 
E/F/8 C. faeces E19 √   √  √  AMP, TET, GEN, CHL,SUL, 
TRI, KAN, NAL, ENR, AMO 
E/F/9 C. faeces E20  √  √  √  AMP, TET, GEN, CHL, SUL, 
TRI, NAL, AMO 
E/C/11a Chicken E21     √   AMP, TET, CHL, SUL, TRI, 
STR, NAL, AMO 
E/C/16a Chicken E21     √   AMP, CIP, TET, GEN, CHL, 
SUL, TRI, NOR, NAL, ENR, 
AMO, CEP, AUG 
E/SF/47a Shellfish E21     √   AMP, TET, CHL,SUL, TRI, 
STR, AMO, CEP 
E/B/17b Beef E22    √    AMP, TET, CHL, TRI, STR, 
AMO 
E/B/16a Beef E22    √    AMP, TET, CHL,SUL, TRI, 
STR, AMO 
E/P/27a Pork E23    √    CIP, TET, GEN, SUL, TRI, 
NOR, NAL, ENR, STR 
E/SF/10a Shellfish E24 √      √ AMP, CIP, TET, SUL, TRI, 
NOR, STRE, KAN, NAL, ENR, 
AMO, CEP 
E/C/21a Chicken E25 √   √    AMP, CIP, TET, GEN, 
CHL,SUL, TRI, NOR, STR, 
NAL, ENR, AMO 
E/SF/6a Shellfish E26 √ √  √    AMP, CIP, TET, CHL, SUL, 
TRI, NOR, STR, NAL, ENR, 
AMO 
Number (Total 33)  16 5 4 11 13 13 1  
Isolates with have plasmids of this size range were given √ 
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4.3.3. The presence of class 1 integrons and resistance gene cassettes in E. coli 
and Salmonella spp. isolates. 
PCR screening results of 23 Salmonella spp. isolates and 35 E. coli isolates showed class 1 
integrons in 3 (13%) Salmonella isolates and 20 (57.1%) E. coli isolates (Figure 4.6 and 
Figure 4.7). There are two integron profiles for the Salmonella spp. isolates: a 2.0 kb integron 
and a combination of 1.2 and 1.25 kb integrons. Five integrons profiles of E. coli isolates 
were detected: 2.65 kb, 2kb, 1.7 kb, 1.5 kb and combination of 2kb and 1.5 kb. The RFLP 
analysis showed isolates having the same amplicon sizes have the same restriction patterns, 
confirming gene cassettes in these strains were identical. Figure 4.8 shows an example of the 
RFLP of the 2.65 kb class 1 integron PCR products of isolates E/C/16a and E/C/21a. 
Sequence analysis of the integron PCR products revealed that 1.7-kb integrons contained 
dfrA17 and aadA5 genes, whereas 1.5-kb integrons contained dfrA1 and aadA1 genes, the 2.0-
kb integrons contained dhfrXII (dfrA12), orfF and aadA2 genes, and 2.65-kb integrons 
harboured dfr1, aacA4, and catB3 genes. There was an E. coli from chicken faeces that 
contained 2 integrons of 2.0 kb and 1.5 kb. In addition, a Salmonella serotype Albany 
contained 2 integrons which were very close in size: 1.2 kb and 1.25 kb, which contained 
betalactamase blaPSE-1 and dfrA1 gene cassettes respectively. These integrons are part of SGI1 
in this isolate (Section 4.3.4). The integron profiles, as well as resistance patterns and gene 
cassettes of all integrons-containing isolates are summarised in Table 4.12. 
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Figure 4.6: Agarose gel electrophoresis of PCR amplification of class 1 integron 
M1: 100 bp marker; M2: lambda DNA PstI marker; Lane 1-13: isolates S/P/9, S/SF/8a, 
E/C/24a, E/SF/29, E/F/8, E/P/18a, E/P/27a, E/P/43a, E/F/2, E/F/25, E/F/3, E/C/15a, E/C/17a 
respectively 
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Figure 4.7: Agarose gel electrophoresis of PCR amplification of class 1 integron. 
M1: 100 bp marker; M2: lambda DNA PstI marker; Lane 1-11: isolates S/C/21a, E/SF/1a, 
E/C/29a, E/F/9, E/F/13, E/F/16, E/F/20, E/P/25a, E/C/16a, E/C/21a, DT104 (positive control) 
respectively. 
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Figure 4.8: RFLP of 2.65 kb class 1 integron PCR product of isolates E/C/16a and 
E/C/21a. 
M: lambda DNA PstI marker; Lane 1a, 2a, 3a: Digestion of integron PCR product of isolates 
E/C/16a with HincII, SspI and SacII enzyme respectively; Lane 1b, 2b, 3b: Digestion of 
integron PCR product of isolate E/C/21a with HincII, SspI and SacII enzyme respectively. 
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Table 4.12: Features of the class 1 integrons-carrying E. coli and Salmonella spp. isolates 
Integron 
size (kb Isolates (species) 
Sources 
(species) 
Genes identified 
within the 
integrons 
Resistance/Intermediate 
resistance patterns of 
isolates 
2.0 kb S/SF/8a  
(S. Typhimurium) 
 Shellfish dhfrXII-orfF-aadA2 TET, TRI, KAN/STR 
2.0 kb S/P/9 
(S. Typhimurium) 
Pork  dhfrXII-orf-aadA2 AMP, TET, GEN, SUL, 
TRI, STR, KAN, AMOX 
2.0 kb E/C/24a (E. coli) Chicken  dhfrXII-orf-aadA2 
 
AMP, TET, GEN, SUL, 
TRI, AMO, CHL, 
STR/CEP, AUG,NAL, 
ENR 
2.0 kb E/SF/29 (E. coli) Shellfish dhfrXII-orf-aadA2 AMP, TET, GEN, SUL, 
CEP, TRI, STR, NAL, 
AMO, CEP, AUG/CHL, 
ENR 
2.0 kb E/F/2 (E. coli) Chicken 
faeces  
dhfrXII-orf-aadA2 AMP, TET, GEN, 
CHL,SUL, TRI, 
AMO/STR, KAN, NAL, 
ENR, AUG 
2.0 kb E/F/8 (E. coli) Chicken 
faeces  
dhfrXII-orf-aadA2 AMP, TET, GEN, 
CHL,SUL, TRI, KAN, 
NAL, ENR, 
AMO/CEPH, AUG, STR 
2.0 kb E/F/25 (E. coli) Chicken 
faeces  
dhfrXII-orf-aadA2 TET, CHL,SUL, TRI, 
NOR, NAL, ENR, 
CIP/CEP, STR 
2.0 kb E/P/18a (E. coli) Pork  dhfrXII-orf-aadA2 AMP, TET, GEN, SUL, 
NAL, ENR, AMO, 
STR/CEP, NOR 
2.0 kb E/P/27a (E. coli) Pork dhfrXII-orf-aadA2 CIP, TET, GEN, SUL, 
TRI, NOR, NAL, ENR, 
STR/CEP, AUG, AMP, 
AMOX 
2.0 kb E/P/43a (E. coli) Pork  dhfrXII-orf-aadA2 AMP, TET, GEN, SUL, 
TRI, AMO, STR/CHL 
1.5 kb E/C/29a (E. coli) Chicken  dfrA1-aadA1 AMP, TET, SUL, TRI, 
AMO/CEP, AUG,STR 
1.5 kb E/P/25a (E. coli) Pork  dfrA1-aadA1 AMP, CIP, TET, 
CHL,SUL, TRI, NOR, 
STR, NAL, ENR, 
AMO/CEP, AUG 
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Integron 
size (kb Isolates (species) 
Sources 
(species) 
Genes identified 
within the 
integrons 
Resistance/Intermediate 
resistance patterns of 
isolates 
1.7 kb E/SF/1a (E. coli) Shellfish dhfr17-aadA5 AMP, TET, CHL,SUL, 
TRI, STR,NAL, 
AMO/CEP, AUG, 
ENRO 
1.7 kb E/C/15a (E. coli) Chicken  dhfr17-aadA5 AMP, TET, SUL, TRI, 
STR, NAL, ENR, 
AMO/CEP, AUG 
1.7 kb E/C/17a (E. coli) Chicken dhfr17-aadA5 AMP, TET, GEN, 
CHL,SUL, TRI, NOR, 
KAN, NAL, ENR, AMO, 
STR/CEP, CIP, AUG 
1.7 kb E/F/9 (E. coli) Chicken 
faeces  
dhfr17-aadA5 AMP, TET, GEN, 
CHL,SUL, TRI, NAL, 
AMO, CEP/AUG, STR, 
ENRO 
1.7 kb E/F/13 (E. coli) Chicken 
faeces  
dhfr17-aadA5 TET, GEN, CHL,SUL, 
TRI, KAN, NAL/CEPH, 
STR, ENRO 
1.7 kb E/F/16 (E. coli) Chicken 
faeces  
dhfr17-aadA5 TET, GEN, CHL,SUL, 
TRI, KAN, NAL/CEPH, 
STR, ENRO 
1.7 kb E/F/20 (E. coli) Chicken 
faeces  
dhfr17-aadA5 TET, GEN, CHL,SUL, 
TRI, KAN, NAL/STR, 
ENR 
2.65 kb E/C/16a (E. coli) Chicken  aacA4- catB3-dfrA1 AMP, CIP, TET, GEN, 
CHL, SUL, TRI, NOR, 
NAL, ENR, AMO, CEP, 
AUG/KAN 
2.65 kb E/C/21a (E. coli) Chicken  aacA4- catB3-dfrA1 AMP, CIP, TET, GEN, 
CHL,SUL, TRI, NOR, 
STR, NAL, ENR, AMO, 
CEP/AUG, KAN 
1.2kb, 
1.25kb 
S/C/21a (S. Albany) Chicken  blaPSE1, dfrA1 AMP, TET, CHL, SUL, 
TRI, NAL, AMOX 
2.0 kb, 
1.5 kb 
 
E/F/3 (E. coli) Chicken 
faeces  
dhfrXII-orf-aadA2, 
dfrA1-aadA1 
AMP, TET, GEN, 
CHL,SUL, TRI, STR, 
NAL, ENR, 
AMO/CEP,NOR 
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Class 1 integrons have been reported to be predominant in S. Typhimurium DT104, but they 
have also been identified in other phage types of S. Typhimurium, and in other serovars, such 
as S. Enteritidis, S. Hadar, S. Agona, S. Albany, S. Dublin, S. Derby, S. Anatum, S. Havana 
and numerous others (Nastasi and Mammina, 2001; Ebner et al., 2004; Levings et al., 2005b; 
Nogrady et al., 2005; Vo et al., 2006b). In our study, there was a variety of Salmonella 
serotypes tested for the presence of class 1 integrons, including S. Anatum, S. Typhimurium, 
S. Rissen, S. London. S. Havana, and S. Albany. However, class 1 integrons were only 
detected in serotypes Typhimurium and Albany. The high percentage of Salmonella spp. 
isolates that did not contain integrons was expected as the results of antibiotic resistance gene 
amplifications of these isolates in Section 4.3.1.2 demonstrated that integron-associated 
resistance genes including sulI and aadA were found at low percentage and most of the 
ampicillin-resistant characteristics in this study were encoded by blaTEM1 gene, which is 
independent of class 1 integron. Most resistance in Salmonella spp. isolates in this study may 
have resulted from chromosomal mutation, plasmid uptake, bacteriophages or transposon 
(Chang et al., 2000; Kang et al., 2005b). 
The 2.0 kb integron, which carries an array of three cassettes dhfrXII-orf-aadA2, was detected 
in both Salmonella spp. and E. coli isolates from meat, shellfish and chicken faeces. The 
dhfrXII gene and the aadA2 gene confer resistance to trimethoprim and streptomycin 
respectively. The dhfrXII gene cassette product confers a level of resistance to trimethoprim 
which is about 10 times stronger than that conferred by common trimethoprim resistance gene 
dfraA1 (Lindstedt et al., 2003). The dhfrXII-orf-aadA2 gene cluster has previously been seen 
in several strains, including clinical and non-clinical E. coli isolates in Spain, USA, Finland, 
Norway, Taiwan, Korea and China (Heikkila et al., 1993; Chang et al., 2000; Zhao et al., 
2001b; Saenz et al., 2004; Sunde, 2005; Kang et al., 2005b; Su et al., 2006;), in Shigella 
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isolates from Finland (Heikkila et al., 1993), epidemic Vibrio cholerae O1 strain from 
Guinea-Bissau (Dalsgaard et al., 2000a), and in S. Typhimurium DT104, non-DT104 and 
other Salmonella serotypes in the Netherlands, Norway, Portugal, Taiwan, Thailand and the 
USA (White et al., 2001; Lindstedt et al., 2003; Antunes et al., 2005; Antunes et al., 2006; 
Vo et al., 2006a; Zhao et al., 2006). The identical gene cassette arrays were found in the same 
and different bacterial species, in different hosts and in different geographic areas and suggest 
clonal spread or horizontal dissemination of these gene cassettes.  
E. coli isolates from different sources, including chicken, chicken faeces, shellfish, harboured 
a 1.7 kb integron which contained aadA5 and dhfr17 genes. This integron has been reported in 
E. coli and Salmonella spp. in other countries from clinical and non-clinical isolates (White et 
al., 2000b; Lindstedt et al., 2003; Saenz et al., 2004; Zhang et al., 2004; Nogrady et al., 2005; 
Su et al., 2006). Similarly, the 1.5 kb, which contain cassettes array dfrA1-aadA1, was also 
reported in the literature (Lindstedt et al., 2003; Saenz et al., 2004; Antunes et al., 2005; 
Sunde, 2005; Nogrady et al., 2006; Vo et al., 2006a). The results strengthen the hypothesis 
that the dfr and aadA cassettes were shown to be common in integrons in members of the 
Enterobacteriaceae family (Mazel et al., 2000; Ploy et al., 2003; Yu et al., 2003; Saenz et al., 
2004; Antunes et al., 2005; Hsu et al., 2006). The predominance of streptomycin and 
trimethoprim gene cassettes in this study suggest that these genes may be more stable in the 
integron than other gene cassettes (Rosser and Young, 1999) or it could be related to the 
extensive use of streptomycin and trimethoprim in animal husbandry in Vietnam. 
The prevalence of each particular gene cassettes combination in class 1 integrons, differs 
according to the geographic area, and depends on the antibiotic therapy regimes used in each 
country (Yu et al., 2003). In our study, the most prevalent gene cassette combinations were 
dhfrXII-aadA2 and dfrA17-aadA5. Interestingly, these gene cassette combinations were also 
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found most frequently in Asian countries such as E. coli clinical isolates in Korea (Yu et al., 
2003), human and swine E. coli isolates in Taiwan (Hsu et al., 2006), and E. coli food isolates 
from China (Li et al., 2005b). On the other hand, the dfrA1-aadA1 combination was the most 
prevalent cassettes combination in E. coli isolates from Norwegian meat and meat products 
(Sunde, 2005). The distinct integron profiles observed between continents could be explained 
by clonal expansion or horizontal spread by international travel or food trade.  
There were two isolates from chicken which contained 2.65 kb integrons which had aacA4, 
catB3 and dfrA1 gene cassettes, responsible for resistance to aminoglycosides, 
chloramphenicol and trimethoprim respectively. The aacA4 gene confers resistance to 
aminoglycosides such as gentamicin, kanamycin, tobramycin, and neomycin but does not 
confer resistance to streptomycin (van Nhieu and Collatz, 1987; Lee et al., 2002). This 
aacA4-catB3-dfrA1 gene cassettes array was recently found in E. coli and Pseudomonas 
aeruginosa in other Asian countries, including China and Japan (Kumai et al., 2005; Li et al., 
2006).  
It was observed in this study that when isolates contained a gene cassette, the corresponding 
antibiotic resistant phenotypes were detected consistently in most of the cases, except the 
isolate E/P/18a, which contained the dhfrXII gene cassette, but this gene was silent in this 
isolate. The gene was inactive probably because it had an inactive promoter or the isolate was 
not under antibiotic selection pressure. The expression of streptomycin resistance gene aadA 
varied from full resistance to intermediate susceptibility in E. coli isolates. Some other studies 
have found that streptomycin-susceptible E. coli and Salmonella spp. isolates can harbour 
aadA gene cassettes within integrons (Zhao et al., 2001b; Zhao et al., 2003b; Sunde, 2005).  
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As class 1 integrons normally carry the sulI gene which is responsible for sulfonamide 
resistance and as part of the 3’-CS (Radstrom et al., 1991; Leverstein-van Hall et al., 2002b), 
the high percentage of E. coli isolates contained class 1 integrons in this study could come 
from the extensive usage of sulfonamides in animal husbandry in Vietnam.  
 
4.3.4. The presence and characteristics of SGI1 in Salmonella spp. isolates 
The Salmonella integron-positive isolates (S/C/21a, S/P/9 and S/SF/8a) (Section 4.3.3) were 
investigated for the presence of SGI1. The isolate S. Albany (S/C/21a) was positive by PCR 
of the left junction (thdf and int gene) and right junction without retron (S044-yidY). No DNA 
was amplified with PCR primer set for the S044-int2 fragment (right junction with retron), 
which implies the absence of the int2-retron sequence. This is consistent with other reports 
that the SGI1 is located between the thdF and int2 genes in S. Typhimurium, while it is 
located between the thdF and yidY genes in other serovars (Boyd et al., 2001; Doublet et al., 
2004a).  
PCR mapping of the antibiotic resistance gene cluster of isolate S/C/21a showed the presence 
of fragments B, C, D, E, F, and floR, with sizes the same as the DT104 control strain which 
harbours SGI1 (Figure 4.9 and 4.10). The PCR products of these regions were sequenced, 
confirming the presence of the resistance genes of floR, tetR, tet(G), blaPSE-1 and sulI in this 
isolate. However, PCR A, specific for the aadA2 resistance gene cassette, was negative. PCR 
AB was positive and yielded a fragment approximately 300 bp larger than with DNA from 
serovar Typhimurium DT104 strain. This PCR product was sequenced. Based on the 
sequence obtained, internal primers were synthesised and used for PCR IAB. The sequence 
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analysis results identified the trimethoprim resistance gene cassette dfrA1 and an open reading 
frame orfC gene cassette of unknown function. This dfrA1 gene showed 99% nucleotide 
identity to those found in class 1 integrons from Salmonella spp. (AY146989; AY963803; 
DQ641477; DQ641476; DQ238102; DQ123842; DQ238103), E. coli (DQ018382; 
AB161449), and Vibrio cholera (AB219453; AB219237). Southern blot hybridisations of the 
aadA2 gene on XbaI fragment of S. Albany chromosome further confirmed the absence of this 
streptomycin resistance gene in S. Albany isolate (Figure 4.11). Thus, instead of the aadA2 
gene classically found in the first integron of the SGI1 antibiotic resistance gene cluster, the 
dfrA1 and orfC of unknown function were found in the corresponding intergon of serovar 
Albany strain S/C/21a.  
 
Moreover, PCRs of BD, DE, and F regions of the S/C/21a isolate yielded amplicons of the 
same size with DT104. RFLP patterns of the positive control and tested isolates were identical 
for all BD, DE and F region, confirming that these two isolates contain identical genes and 
genes arrangement in these regions. Figure 4.12- 4.14 represent PCRs DE and their RFLP 
profiles of these two isolates. 
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Figure 4.9: Agarose gel electrophoresis of 
PCRs amplification of SGI1 of isolate 
S/C/21a. 
Figure 4.10: Agarose gel electrophoresis of 
PCRs amplification of SGI1 of isolate 
DT104. 
M1: 100 bp ladder; M2: lambda DNA PstI ladder. Lane 1: PCR SGI1 left junction; lane 2: 
PCR SGI1 right junction with retron; lane 3: PCR SGI1 right junction without retron; lane 4: 
PCR flo, lane 5: PCR A, lane 6: PCR B; lane 7: PCR AB; Lane 8: PCR IAB, Lane 9: PCR C; 
lane 10: PCR D; Lane 11: PCR E; Lane 12: PCR F.  
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Figure 4.11: Southern blot hybridisation of DT104 (lane 1) and S. Albany (lane 2) by 
probing with aadA2 gene. 
The position of band is indicated by the arrow. 
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Figure 4.12: Agarose gel electrophoresis of PCRs amplification of DE region of isolate 
S/C/21a (lane 1) and DT104 (lane 2).  
M1: Lambda DNA PstI ladder 
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Figure 4.13: RFLP of PCR product of DE 
regions with enzyme DraIII of isolate 
S/C/21a (lane 1) and DT104 (lane 2) 
Figure 4.14: RFLP of PCR product of DE 
regions with enzyme PstI and BamHI of 
isolate S/C/21a (lane 1, 3 respectively) and 
DT104 (lane 2, 4 respectively) 
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Therefore, the mapping result confirmed that variant SGI1 antibiotic resistance gene cluster in 
S. Albany isolated from Vietnamese chicken meat, has been modified and aadA2 genes, 
which confer resistance to streptomycin in S. DT104 has been replaced by dfrA1 
(trimethoprim resistance) and orfC of unknown function. Gene exchange by homologous 
recombination could have occurred in this case to enable this change. This variant has 
previously been classified as SGI1-F and was found in S. Albany isolates in chicken in the 
Netherlands (Vo et al., 2006a) and from fish meat in Thailand and imported in France 
(Doublet et al., 2003). In addition, this SGI1 variant was also detected in other serotypes 
including S. Cerro and S. Dusseldorf in affected patients recorded as having acquired the 
organism from Thailand and Malaysia respectively (Levings et al., 2005a). 
The identification of SGI1 cluster in a variety of serovars, from different animal species and 
from humans in different countries, together with other characteristics of SGI1 such as the 
imperfect direct repeats flanking SGI1 in the Salmonella chromosome, the SGI1-borne 
integrase, excisionase, and conjugative functions, suggest its horizontal transfer potential 
(Boyd et al., 2001; Carattoli et al., 2002, Doublet et al., 2005; Akiba et al., 2006; Mulvey et 
al., 2006). Attempts have been made in this study to assess the horizontal transfer of SGI1 by 
conjugation experiments (Section 4.3.5) using different recipients. However, there were no 
transconjugants obtained. This result was consistant with the findings of Ebner et al. (2004), 
where neither the integron genotype nor the corresponding antibiotic resistance phenotype 
was transferable to a susceptible strain from SGI1-habouring S. Meleagridis by conjugation. 
Moreover, Doublet et al. (2005) found that SGI1 is a mobile element but transmissible only 
with the presence of a helper plasmid, that was the conjugative IncC plasmid R55. In addition, 
a study by Schmieger and Schicklmaier (1999) has shown that the penta-resistant phenotype 
of SGI1 in DT104 can be efficiently transduced by P22-like phage ES18 and by phage PDT17 
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that is released by DT104 strains. However, transduction is limited to host species, therefore it 
seems unlikely that the dissemination of SGI1 and its variants have been usually mediated by 
phage transduction.  
Macrorestriciton analysis by PFGE of S. Albany S/C/21a strain DNA digested by XbaI 
showed that it is genetically distinct from serotype Typhimurium DT104 (Section 3.3.3) 
(Figure 4.15). This result further indicates at the molecular level that the occurrence of SGI1 
in this serotype probably results from horizontal transfer and not seroconversion of known 
serotypes containing SGI1 (Meunier et al., 2002; Doublet et al., 2003). 
To assess whether strain harbouring SGI1 is hypervirulent, tissue culture invasion assay of 
isolate S/C/21a was carried out on INT cell lines (Section 5.3.2). As there was only isolate 
S/C/21a belonging to serotype Albany in Salmonella spp. collection in this study, its 
invasiveness could not be compared with that of other isolates with the same serotype. The 
invasion assay showed that, as discussed in Chapter 5, Section 5.3.2, the isolate S/C/21a did 
not appear more invasive when compared with other Salmonella food isolates which do not 
harbour SGI1 in general. Similarly, previous in vitro studies demonstrated that multiresistant 
DT104 strains are not hyperinvasive (Carlson et al., 2000). On the other hand, a study by 
Rasmussen et al. (2005) demonstrated that exposure to ruman protozoa leads to the 
development pathogenicity of SGI1-bearing strains of Salmonella, including serotype 
Typhimurium, Agona and Infantis. Exactly whether strains habouring SGI1 are more virulent 
remains to be determined. 
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Figure 4.15: Macrorestriction analysis by PFGE of genomic DNA digested by XbaI of 
DT104 (lane 1) and S. Albany S/C/21a (lane 2). 
M1: Lambda ladder for PFGE; S: Salmonella serotype Braenderup reference standard H9812 
(ATCC BAA-664) 
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4.3.5. The transfer ability of antibiotic resistance genes in E. coli and 
Salmonella spp. isolates by conjugation. 
To assess the possibility of dissemination of resistance determinants in Vietnamese food 
isolates by conjugation, different donor-recipient combinations were used from the 
experiment, recipients include laboratory strains and strains isolated in this study.  
When donors S/C/5, S/C/9b, S/P/24, E/C/4a, E/C/5a, all of them containing large plasmids, 
were used for conjugation study, conjugation successfully occurred with different recipients. 
Therefore, we could demonstrate that resistance markers could be transferred between 
Salmonella spp. and E. coli. The frequencies were 10-4 to 10-9 (Table 4.13) and liquid 
conjugation showed a higher frequency.  
The conjugation study of S/C/21a isolate, in which resistance genes were clustered in SGI1 on 
its chromosome, was also included. For this isolate, no transconjugants were obtained even 
when using recipients which were successful conjugated with other isolates. The discussion of 
transfer capability of SGI1 was included in Section 4.3.4. 
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Table 4.13: The conjugation frequency of different donor-recipient combinations 
Donor strain Recipient strain  Spread plate mating Liquid mating 
S/C/5  E/P/8a  1.95 x 10-8 3.81 x 10-5 
S/C/5  E/F/13  7.27 x 10-8 1.71 x 10-4 
S/C/5  E/F/16  2.25 x 10-7 3.65 x 10-4 
S/C/5  E.coli HB101  9.20 x 10-9 4.08x10-6 
S/C/5 E. coli JM 109  5.63 x 10-8 1.17x 10-6 
S/C/5  S/P/9  1.75 x 10-9 1.43 x 10-8 
S/C/5  S/P/13  N/A 2.33x10-8 
S/C/9b  E/P/8a  1.92x 10-8 5.44 x 10-5 
S/C/9b E. coli JM 109  6.33x 10-9 1.68x 10-7 
S/P/24  E. coli JM 109  1.32x 10-9 9.87x 10-6 
E/C/4a  E. coli HB101  2.25 x 10-7 3.10 x 10-4 
E/C/5a  E. coli HB 101  9.90 x 10-6 1.19 x 10-4 
S/C/21a  E. coli HB 101  -ve -ve 
S/C/21a  E/F/13  -ve -ve 
S/C/21a E/F/16  -ve -ve 
S/C/21a  S/P/9  -ve -ve 
S/C/21a  S/P/13  -ve -ve 
N/A: Not applicable. 
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The antibiotic susceptibility test of transconjugants showed that the donor could transfer all or 
part of its resistance phenotype to the recipient. The donor S. Havana could transfer two 
different resistance phenotypes to recipients as some transconjugants received resistance 
phenotype ampicillin/amoxicillin but others received the resistance phenotype 
ampicillin/amoxicillin, sulphafurazole, chloramphenicol and gentamycin (Table 4.14). This 
result suggested that genes encoding for these two resistance phenotypes were from two 
different plasmids. The plasmid profiles of the donor, recipient and transconjugants showed 
that transconjugants which acquired ampicillin/amoxicillin phenotype was received from a 
plasmid about 115 kb from the donor, whereas transconjugants which receive 
ampicillin/amoxicillin, sulphafurazole, and gentamycin phenotype was received from a 
plasmid about 140 kb from the donor (Figure 4.16). This result indicated that these plasmids 
were conjugable and the 115 kb one contained the ampicillin/amoxicillin resistance marker on 
it, whereas the 140 kb one contained ampicillin/amoxicillin, sulphafurazole, gentamycin and 
chloramphenicol resistance markers on it. 
When the E/C/4a and E/C/5a isolates, which both contained 120 kb plasmids, were used as 
donors, the transconjugants were found to acquire antibiotic resistance phenotype and a 120 
kb plasmid (Table 4.14 and Figure 4.17). The transconjugants received a resistance phenotype 
of ampicillin/amoxicillin, sulphafurazole, chloramphenicol, gentamycin from donor E/C/4a 
and ampicillin/amoxicillin, sulphafurazole from donor E/C/5a. The transfer of resistance 
phenotype tetracycline and streptomycin could not be measured as the recipient was also 
resistant to these antibiotics before the conjugation experiments. Therefore, it could be 
suggested that the 120 kb plasmid of E/C/4a contains many resistance genes, at least genes 
responsible for ampicillin/amoxicillin, sulphafurazole, gentamycin and chloramphenicol 
resistance. Similarly, the 120 kb plasmid of isolate E/C/5a harboured at least 
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ampicillin/amoxicillin and sulphafurazole markers on it. These two donors did not show the 
co-transfer of ciprofloxacin, norfloxacin or nalidixic acid resistance markers to the recipient, 
suggesting resistance markers for these antibiotics were on the chromosome of the donors. 
It has also been noticed in this study that in conjugation, the recipients could acquire plasmids 
from donors regardless of the fact that they harbour their own plasmids (Figure 4.16 and 
4.17), this observation further showed that conjugation mechanisms could occur easily among 
the bacterial population. 
Most conjugation studies have used a single strain as recipient for conjugation experiments 
(Brackelsberg et al., 1997; Arvanitidou et al., 1998; Mirza et al., 2000; Nastasi and 
Mammina, 2001; Kariuki et al., 2006). With different combinations of donor and recipient 
strains used in this study, we have demonstrated that resistance markers were readily 
transferred among food isolates. These findings indicated that conjugative or mobile plasmids 
play a significant role in the dissemination of multiple antimicrobial resistant bacteria. 
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Table 4.14: The transfer of resistance phenotypes of selected conjugation tests 
Donors 
(serotype) Phenotype of donor 
Phenotype 
transferred to E. coli 
JM109 E/P/8a, 
E/F/13 or E/F/16 
Phenotype 
transferred to E. coli 
HB101 
S/C/5 
(S. Havana) 
AMP, GEN, CHL, SUL, 
AMO AMP, AMO NA 
S/C/5 
(S. Havana) 
AMP, GEN, CHL, SUL, 
AMO 
AMP, AMO, SUL, 
CHL, GEN NA 
E/C/4a  
(E. coli) 
AMP, CIP, TET, GEN, 
CHL,SUL, NOR, NAL, 
ENR, AMO 
NA AMP, AMO, SUL, GEN, CHL* 
E/C/5a  
(E. coli) 
AMP, CIP, TET, SUL, TRI, 
NOR, STR, NAL, ENR, 
AMO, AUG, CEP 
NA AMP, AMO, SUL ** 
* The transfer of tetracycline phenotype could not be measured as recipient was also resistant 
to this antibiotic before the conjugation experiment.  
** The transfer of tetracycline and streptomycin resistance phenotype could not be measured 
as recipient was also resistant to these antibiotics before the conjugation experiment.  
NA: not applicable. 
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Figure 4.16: Plasmid DNA of donor S/C/5 (lane 1), recipient E/P/8a (lane 2), and 
transconjugant  
(lane 3, 5: transconjugants received ampicillin/amoxicillin resistance phenotype from the 
donor; lane 4, 6: transconjugants received ampicillin/amoxicillin, sulfonamide, 
chloramphenicol and gentamicin resistance phenotype from the donor); M: BAC-Tracker 
supercoiled DNA ladder. 
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Figure 4.17: The transfer of plasmids DNA in conjugation experiment. 
M: BAC-Tracker Supercoiled DNA ladder. Lane 1: E/C/4a (donor); Lane 2: E.coli HB101 
(recipient), Lane 3-5: transconjugants of E/C/4a with E. coli HB101; Lane 6: E/C/5a (donor); 
Lane 7: E. coli HB101 (recipient), Lane 8-10: transconjugants of E/C/5a with E. coli HB101. 
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4.3.6. The transfer ability of antibiotic resistance genes in Salmonella spp. 
isolates by transduction. 
The phage P22 HT105/1 int-201 was used for transduction experiments. It contains mutations 
that increase the frequency of generalised transduction and prevent the formation of stable 
lysogens (Schmieger, 1972). The phage did not infect Salmonella multiresistant isolates in 
this study, which could be due to superinfection exclusion mechanism of P22-prophages 
which exist in the isolates (Maloy et al., 1996). The donors DLT1 and DLT2 for transduction 
study were constructed from LT2 by conjugation with multiresistant food isolate S/SF/8a or 
electroporation with multiresistant food isolate S/C/21a. The rates of conjugation and 
electroporation were very low; however, these allow LT2 to receive resistance determinants: 
DLT1 was resistant to streptomycin, trimethoprim, tetracycline and kanamycin, and DLT2 
was resistant to streptomycin and nalidixic acid. Plasmid profiles of donor, recipient, 
transconjugant, and transformant after conjugation and electroporation have shown that 
transconjugant DLT1 received plasmid (> 165 kb) from S/SF/8a by conjugation, whereas 
DLT2 did not. The nalidixic acid resistance marker from S/C/21a could be inserted into LT2 
chromosome by electroporation.  
The transduction tests were successful for both donors DLT1 and DLT2 to recipient S/C/10a, 
with the rates of 10-9 to 10-10. Table 4.15 represents the transduction rate and the transfer of 
antibiotic resistance phenotypes in the transduction experiments.  
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Table 4.15: Transduction rate and the transfer of antibiotic resistance phenotypes of 
S. Typhimurium 
Donor (antibiotic 
resistance phenotype of 
donor) 
Recipient  
Transduction rate (antibiotic 
resistance phenotype received) 
DLT1 (STR, TRI, TET, KAN) S/C/10a 1.36 x 10-9 (STR) 
DLT2 (STR, NAL) S/C/10a 7.05 x 10-9 (STR) or 2.72 x10-10 (NAL) 
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When DLT1 was used as donor, only streptomycin resistance gene were transduced to the 
recipient S/C/10a, whereas trimethoprim, tetracycline and kanamycin resistance markers were 
not transduced as no colonies were obtained on LB-agar plates supplemented with any of 
these antibiotics. The phage P22 can transduce plasmid markers in addition to chromosome 
markers (Orbach and Jackson, 1982; Garzon et al., 1995; Mann and Slauch, 1997; 
Schicklmaier et al., 1998). However, unsuccessful transductions of these resistance genes can 
be explained due to plasmid containing these resistance markers in the donor exceeds the 
packing capacity of the phage. Transduction could not occur unless the plasmid was 
integrated into DLT1 chromosome (Garzon et al., 1995; Mann and Slauch, 1997). 
The donor DLT2 could transfer streptomycin resistance and nalidixic resistance determinants 
to the recipient, however, co-transfer did not occur as transductants were either resistant to 
streptomycin or nalidixic. As P22 can pack bacterial DNA of about 44 kb in size and 
transduced to new host cells (Maloy et al., 1996), streptomycin resistance and nalidixic 
resistance genes could be placed at significant distance in the chromosome of DLT2.  
Transduction of S. Typhimurium has been demonstrated (Schicklmaier et al., 1998; 
Schmieger and Schicklmaier, 1999; Mmolawa et al., 2002). The recipient isolate S/C/10a 
used in this study is a S. Typhimurium strain from chicken meat and was considered to be 
pathogenic (Chapter 5). Our result revealed the possibility of receiving resistance phenotype 
of this strain by transduction; therefore it could pose a risk when pathogenic strains become 
more resistant. 
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4.4. Conclusion  
The presence of genes implicated with antibiotic resistance was investigated in 65 Salmonella 
and E. coli isolates. The result found that betalactam TEM gene and tetracycline resistance 
tetA, tetB genes were highly distributed in both E. coli and Salmonella spp. isolates which is 
consistent with studies in other countries. Other resistance genes, including sulI, cmlA, aadA 
and aphA1 were also present at high level (41%-72%) and genes of dhfrV, aac (3)-IV were at 
moderate level (27-29%) in E. coli isolates which show resistance (or intermediate resistance) 
to corresponding antibiotics. In contrast, sulI gene and aadA genes were present in Salmonella 
isolates at a much lower level (7.1%-16.7%). The presence of plasmid-mediated ampC genes, 
which are responsible for resistance to many important beta-lactam antibiotics, was detected 
in E. coli isolates but was absent in Salmonella spp. isolates.  
The results of PCR mapping and sequencing have demonstrated that there was an S. Albany 
isolate from chicken meat that contained a variant of SGI1, where aadA2 gene in SGI1 was 
replaced by dfrA1 and orfF gene cassettes. This isolate was not more invasive than other food 
isolates, and its resistance gene cluster could not be naturally transferred to recipients by 
typical in vitro conjugation. Its PFGE profile was genetically distinct from that of SGI1-
harbouring DT104, suggesting the horizontal transfer of this gene cluster. SGI1 may generate 
diverse antibiotic resistance gene clusters in Salmonella serovars.  
An investigation of class 1 integrons demonstrated that they are present in 13% of the 23 
Salmonella spp. and 57.1% of the 35 E. coli isolates. PCR with CS primers specific for class 1 
integron demonstrated that Salmonella spp. and E. coli isolates had 2650, 2000, 1700, 1500, 
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1250 and 1200 bp integrons, in which the 2000 bp integrons were found in both Salmonella 
spp. and E. coli isolate. The classical gene cassettes were found in the integrons: aadA1, 
aadA2, aadA5, blaPSE1, catB3, dfrA1, dhfrXII and dfrA17. The new array aacA4-catB3-dfrA1 
which was recently found in enteric bacteria (Kumai et al., 2005; Li et al., 2006) was also 
detected in two E. coli chicken isolates.  
Plasmid extraction based on the Kado and Liu method (Kado and Liu, 1981) showed that all 
23 antibiotic resistance Salmonella spp. and 33 E. coli isolates contained plasmids. Of the 23 
Salmonella spp. isolates 35% of them and 76% of the 33 E. coli isolates contained plasmids of 
more than 95 kb; some of the isolates contained two plasmids of this large size. The 
conjugation experiment demonstrated that the cotransfer of antibiotic resistance determinants, 
such as ampicillin, amoxicillin, sulphafurazole, chloramphenicol and gentamycin, occurred 
between and across species among food isolates, which were Salmonella spp. and E. coli in 
this study. The conjugation frequencies ranged from 10-4 to 10-9 per recipient. In addition, the 
conjugative plasmids which harbour multiple resistance genes have been found in E. coli and 
Salmonella spp. isolates, especially S. Havana strain which contained two such plasmids, 
suggesting that plasmids play a significant role in antibiotic resistance dissemination in 
Vietnamese food isolates.  
The transfer of resistance genes by transduction was also demonstrated in this study by using 
the phage P22 HT105/1 int-201. The pathogenic isolate from chicken (S/C/10a) was able to 
receive nalidixic acid resistance and streptomycin resistance determinants from the donors. 
Although transduction is more host-specific than other gene transfer mechanisms, it could 
also contribute to the genetic diversity of microbial population. 
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Chapter 5: Pathogenicity of Salmonella spp. and E. coli 
Food Isolates from Vietnam. 
5.1. Introduction 
Non-typhoidal salmonellosis is an important public health problem worldwide. 
Salmonella spp. are intracellular parasites, and they cause disease by invading the intestinal 
epithelium (Formal et al., 1983). The Salmonella virulence gene invA is essential for 
Salmonella spp. to enter cultured epithelial cells and it is present and functional in most 
virulent Salmonella strains (Galan and Curtiss III, 1989; Galan and Curtiss III, 1991; 
Ginocchio and Galan, 1995). One of the methods used to study bacterial invasion is the 
invasion assay, which quantitates the number of internalized bacteria (Tang et al., 1993). 
Other virulence genes carried on plasmids are important determinants of virulence for 
Salmonella spp. (Heffernan et al., 1987). These vary amongst different Salmonella serovars 
but all contain a highly conserved 8-kb region containing the spv locus that encodes the spvR 
regulatory gene and four structural spvABCD genes (Gulig et al., 1993a; Guiney et al., 1995).  
In contrast, the pathogenicity of E. coli strains is dependent upon ownership of different 
combinations of virulence genes. Based on this criterion, pathogenic E.coli are identified as 
different pathotypes (Dobrindt, 2005). Diarrhoeagenic E.coli strains are classified into 
enteropathogenic (EPEC), enterotoxigenic E. coli (ETEC), enteroinvasive E. coli (EIEC), 
enteroaggregative E. coli (EAEC), enterohemorrhagic E. coli (EHEC), diffuse-adhering E. 
coli (DAEC), or cell-detaching E. coli (CDEC) categories (Nataro and Kaper, 1998a; Meng et 
al., 2001; Huang et al., 2006); whereas extraintestinal infections are caused by three separate 
E. coli pathotypes: (i) uropathogenic (UPEC) (ii) strains involved in neonatal meningitis 
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(MENEC) and (iii) strains that cause septicemia in humans and animals (Kuhnert et al., 2000; 
Russo and Johnson, 2000; Johnson and Russo, 2002; Bekal et al., 2003). Some virulence gene 
combinations are strongly associated with specific pathotypes such as the stx1 and stx2 genes 
of shiga toxins Stx and are the major virulence factor of EHEC and the production of heat-
stable toxin (known as ST) and heat-labile toxin (LT) are characteristics of ETEC pathotype. 
Amongst all of these different pathotypes, faecal STEC contamination of raw meats and 
poultry represent the most commonly reported food safety problem (Guth et al., 2003; 
Conedera et al., 2004; Carney et al., 2006; Samadpour et al., 2006).  
In view of the biology of pathogenic Salmonella spp. and E. coli strains, it can be 
hypothesized that the ability of these foodborne isolates to cause disease in humans is 
dependent upon the ownership of virulence genes. Accordingly, this chapter will focus on 
how to: 
• Determine the frequency of Salmonella virulence gene invA and spvC in Salmonella 
spp. isolates. 
• Determine the invasiveness of Salmonella spp. isolates by invasion assay study using 
human intestine cells INT-407. 
• Assess the virulence of E. coli isolates by PCR analysis of 58 virulence genes associated 
with representative pathotypes of E. coli which are known to cause intestinal and 
extraintestinal disease in humans and animals. 
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5.2. Method 
5.2.1. Examination for invA and spvC virulence genes of Salmonella spp. 
isolates 
All 91 Salmonella spp. isolates from Vietnamese raw meat, poultry and shellfish in this study 
were tested for the presence of invasion gene invA and plasmid virulence gene spvC by PCR 
amplification. S. Typhimurium 82/6912 was used as a positive control and E. coli HB101 was 
used as negative control. 
Two pairs of oligonucleotide primers specific for Salmonella invA and spvC genes, according 
to the published DNA sequences of invA (GenBank accession numbers M90846) and spvC 
(GenBank accession numbers M64295) were used (Swamy et al., 1996).  
Primers used for amplification of invA gene were: invAF: 5’-TTG TTA CGG CTA TTT TGA 
CCA-3’ and invAR: 5’-CTG ACT GCT ACC TTG CTG ATG-3’ with an expected 521 bp 
product. Primers used for amplification of spvC gene were spvCF: 5’-CGG AAA TAC CAT 
CTA CAA ATA-3’ and spvCR: 5’-CCC AAA CCC ATA CTT ACT CTG-3’ with an 
expected 669 bp product 
Boiled cell lysate (Section 2.2.4.3) was used as the DNA template for PCR amplification. If a 
strain was shown to be positive for the spvC gene by PCR of its cell lysate, its plasmid DNA 
was extracted (Section 4.2.2) and separated by gel electrophoresis. Plasmid DNA from 
agarose gel was excised and used directly in a PCR reaction mixture as the DNA template to 
confirm the presence of spvC gene with this particular plasmid.  
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PCR amplification parameters were applied for both invA and spvC genes with an initial 
denaturation step at 950C for 5 min, followed by 30 cycles of denaturation at 950C for 30 sec, 
primer annealing at 480C for 1 min, and primer extension at 720C for 2 min.  
 
5.2.2. Invasion assay to study the invasiveness of Salmonella spp. food 
isolates 
Ten Salmonella spp. food isolates of different serotypes and different antibiotic resistance 
levels were selected for the invasion assay study. Non-invasive E. coli HB101 and pathogenic 
isolate S. Typhimurium 82/6915 were used as negative and positive control respectively. The 
cell line used for the invasion assay was Int-407 (Human Caucasian embryonic intestine). For 
storage of stock cultures- banking down and reconstitution, and tissue culture growth 
conditions refer to Chapter 2, Section 2.2.5.2. The invasion assay is described as follows.  
 
5.2.2.1. Seeding culture tray 
INT407 cells were grown in DMEM + 10%NCS at 370C, in 5% CO2 and 95% air. Cells were 
grown to a confluent monolayer in 75 cm2 flasks before they were trypsinised and enumerated 
in a Neubauer cell counting chamber. The percentage viability of cells was determined by the 
trypan blue exclusion method. Cells were suspended in a 0.04% trypan blue solution for 2 min 
then examined for viability. Cells that were not blue in colour were considered as viable. A 
percentage viability of at least 95% was used in every invasion assay. A seed culture of 3x105 
cells, in 500 µl of DMEM + 10% NCS, was placed into each well of a 24-well tray. They 
were allowed to grow overnight for 18 h before commencing the invasion assay. 
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5.2.2.2. Preparation of bacteria inoculum  
Cultures were grown on LB-agar plates for 18 h at 370C. They were then inoculated into LB-
broth at 370C whilst shaking at 100 rpm on an orbital shaker. The overnight culture was then 
diluted 100-fold in prewarmed LB-broth (370C) and then incubated for 2 h at 370C. It was 
pelleted by centrifugation at 16000 x g for 5 min. The supernatant was discarded and the cells 
were resuspended in prewarmed (370C) DMEM + 10% NCS and vortexed for 30s. 
 
5.2.2.3. The invasion assay 
Before commencing each assay, INT407 cells were washed once with PBS. One hundred 
microlitres of bacteria inoculum, containing 2-6 x 106 bacteria (to have ratio bacteria:INT407 
cell of 10:1), determined by viable counts, was then used to infect the INT407 cells by 
overlaying the bacteria on the top of the INT407 cells. Then 400 µL of DMEM + 10% NCS 
was added to the wells to give a final volume of 500 µL. The 24-well tray was then placed in 
a 370C incubator with 5% CO2 and 95% air for 1 h to allow the bacteria to invade. The cells 
were then washed with PBS twice to remove non-adherent bacteria. One millilitre of DMEM 
+ 10% NCS containing 200 µL of kanamycin (200 µg/mL) was then placed in the wells and 
the tray was returned to the incubator for 2 h to eradicate any extracellular bacteria (Vaudaus 
and Waldvogel, 1979; Tang et al., 1993; Kim et al., 2003). Cells were washed with PBS twice 
to remove residual antibiotic. INT407 cells were lysed with the detergent triton-X114 (200 µl 
of 0.25% solution) to release the intracellular bacteria and incubated at 370C for 15 min. It 
was then diluted with 800 µl of PBS. The lysate was diluted before they were plated out on 
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LB-agar plates. The number of viable invasive bacteria was then counted after overnight 
incubation at 370C.  
The invasion results were calculated as a ratio of the bacterial count that invaded the INT-407 
by the inoculum concentration. These values were normalized such that the positive control, 
S. Typhimurium 82/6915, represented 100% invasion. For each strain, the invasion assay was 
performed at least twice, in triplicate at each time point. 
 
5.2.3. Detection of virulence genes in E. coli isolates 
The presence of E. coli virulence genes were examined by PCR using primers and PCR 
conditions as documented by Chapman et al. (2006). Twelve sets of multiplex PCRs and 6 
individual PCRs were used to detect the presence of 58 virulence genes from E. coli 
pathotypes known to cause intestinal and extra-intestinal disease in humans and animals. 
There were 38 E. coli isolates selected for the examination of virulence genes, including 
E. coli chicken isolates (n=14), beef (n=4), pork (n=8), shellfish (n=5), and chicken faeces 
(n=7). All of the 38 isolates were multiresistant, except one isolate. 
Table 5.1 and 5.2 represents primer sequences and PCR amplification parameters of 12 
multiplex and 6 uniplex PCR sets for detection of 58 virulence genes respectively. In addition, 
Figure 5.1 shows the amplification bands on 2% agarose gel corresponding to all 18 PCR sets. 
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Table 5.1: Information of 12 multiplex (I to XII) and 6 uniplex (XIII to XVIII) primer 
sets for the amplification of 58 virulence genes 
Primer 
set 
Virulence 
gene Primer name DNA sequence (5’ → 3’) 
A
m
pl
ifi
ed
 
pr
od
uc
t 
(b
p)
 
I PAI  RPAi-F  GGACATCCTGTTACAGCGCGCA  930
  RPAi-R  TCGCCACCAATCACAGCCGAAC  
 papAH PapA-F  ATGGCAGTGGTGTCTTTTGGTG  720
  PapA-R  CGTCCCACCATACGTGCTCTTC  
 fimH FimH-F  TGCAGAACGGATAAGCCGTGG  508
  FimH-R  GCAGTCACCTGCCCTCCGGTA  
 kpsMTIII  kpsII-F  GCGCATTTGCTGATACTGTTG  392
  kpsII-R  CATCCAGACGATAAGCATGAGCA  
 papEF kpsII-F  GCGCATTTGCTGATACTGTTG  336
  kpsII-R  CATCCAGACGATAAGCATGAGCA  
 ibeA ibe10-F  AGGCAGGTGTGCGCCGCGTAC  170
  ibe10-R  TGGTGCTCCGGCAAACCATGC  
II fyuA FyuA-F  TGATTAACCCCGCGACGGGAA  880
  FyuA-R  CGCAGTAGGCACGATGTTGTA  
 bmaE bmaE-F  ATGGCGCTAACTTGCCATGCTG  507
  bmaE-R  AGGGGGACATATAGCCCCCTTC  
 sfa/focDE sfa 1-F  CTCCGGAGAACTGGGTGCATCTTAC  410
  sfa 2-R  CGGAGGAGTAATTACAAACCTGGCA  
 iutA AerJ-F  GGCTGGACATCATGGGAACTGG  300
  AerJ-R  CGTCGGGAACGGGTAGAATCG  
 papGalleleIII  Allele III-F  GGCCTGCAATGGATTTACCTGG  258
  Allele III-R  CCACCAAATGACCATGCCAGAC  
 kpsMTK1  K1-fc-F  TAGCAAACGTTCTATATTGGTGC  153
  KpsII-R  CATCCAGACGATAAGCATGAGCA  
III hlyA hly-F  AACAAGGATAAGCACTGTTCTGGCT  1,177
  hly-R  ACCATATAAGCGGTCATTCCCGTCA  
 rfc rfc-F  ATCCATCAGGAGGGGACTGGA  788
  rfc-R  AACCATACCAACCAATGCGAG  
CHAPTER 5: PATHOGENICITY OF SALMONELLA SPP. AND E. COLI  FOOD ISOLATES FROM VIETNAM 
 
  
 
 
225 
Primer 
set 
Virulence 
gene Primer name DNA sequence (5’ → 3’) 
A
m
pl
ifi
ed
 
pr
od
uc
t 
(b
p)
 
 nfaE nfaE-F  GCTTACTGATTCTGGGATGGA  559
  nfaE-R  CGGTGGCCGAGTCATATGCCA  
 papGallele I  Allele I-F  TCGTCTCAGGTCCGGAATTT  461
  Allele I-R  TGGCATCCCCCAACATTATCG  
 kpsMTII  kpsII-F  GCGCATTTGCTGATACTGTTG  272
  kpsII-R  CATCCAGACGATAAGCATGAGC  
 papC PapC-F  GTGGCAGTATGAGTAATGACCGTTA  200
  PapC-R  ATATCCTTTCTGCAGGGATGCAATA  
IV cvaC ColV-C-F  CACACACAAACGGGAGCTGTT  680
  ColV-C-R  CTTCCCGCAGCATAGTTCCAT  
 cdtB cdt-a1-F  AAATCACCAAGAATCATCCAGTTA  430
  cdt-a2-R  AAATCTCCTGCAATCATCCAGTTTA  
  cdt-s1-F  GAAAGTAAATGGAATATAAATGTCCG  
  cdt-s2-R  GAAAATAAATGGAACACACATGTCCG  
 focG FocG-F  CAGCACGGCAGTGGATACGA  360
  FocG-R  GAATGTCGCCTGCCCATTGCT  
 traT TraT-F  GGTGTGGTGCGATGAGCACAG  290
  TraT-R  CACGGTTCAGCCATCCCTGAG  
 papG allele II  Allele II-F  GGGATGAGCGGGCCTTTGAT  190
  Allele II-R  CGGGCCCCCAAGTAACTCG  
V papG allele I  pG-F  CTGTAATTACGGAAGTGATTTCTG  1,190
  pG1’”-R  TCCAGAAATAGCTCATGTAACCCG  
 papG alleles II and III  pG-F  CTGTAATTACGGAAGTGATTTCTG  1,070
  pG-R  ACTATCCGGCTCCGGATAAACCAT  
 afa/draBC Afa-F  GGCAGAGGGCCGGCAACAGGC  559
  Afa-R  CCCGTAACGCGCCAGCATCTC  
 cnf1 cnf1-F  AAGATGGAGTTTCCTATGCAGGAG  498
  cnf2-R  CATTCAGAGTCCTGCCCTCATTATT  
 sfaS SfaS-F  GTGGATACGACGATTACTGTG  240
  SfaS-R  CCGCCAGCATTCCCTGTATTC  
 kpsMT K5  K5-F  CAGTATCAGCAATCGTTCTGTA  159
  kpsII-R  CATCCAGACGATAAGCATGAGCA  
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Primer 
set 
Virulence 
gene Primer name DNA sequence (5’ → 3’) 
A
m
pl
ifi
ed
 
pr
od
uc
t 
(b
p)
 
VI univcnf  CONCNF-F  ATCTTATACTGGATGGGATCATCTTGG  1,105
  CONCNF-R  GCAGAACGACGTTCTTCATAAGTATC  
 iha IHA-F  CTGGCGGAGGCTCTGAGATCA  827
  IHA-R  TCCTTAAGCTCCCGCGGCTGA  
 iroNE. coli IRONEC-F  AAGTCAAAGCAGGGGTTGCCCG  665
  IRONEC-R  GACGCCGACATTAAGACGCAG  
 ompT OMPT-F  ATCTAGCCGAAGAAGGAGGC  559
  OMPT-R  CCCGGGTCATAGTGTTCATC  
 Allele I’  ALLELE I’-F  CTACTATGTTCATGCTCAGGTC  479
  ALLELE I’-R  CCTGCATCCTCCACCATTATCGA  
 iss ISS-F  CAGCAACCCGAACCACTTGATG  323
  ISS-R  AGCATTGCCAGAGCGGCAGAA  
 ireA IRE-F  GATGACTCAGCCACGGGTAA  254
  IRE-R  CCAGGACTCACCTCACGAAT  
VII ehxA ehxA-F  GCATCATCAAGCGTACGTTCC  534
  ehxA-R  AATGAGCCAAGCTGGTTAAGCT  
 eaeA eaeA-F  GACCCGGCACAAGCATAAGC  384
  eaeA-R  CCACCTGCAGCAACAAGAGG  
 stx2  stx2-F  GGCACTGTCTGAAACTGCTCC  255
  stx2-R  TCGCCAGTTATCTGACATTCTG  
 stx1  stx1-F  ATAAATCGCCTATCGTTGACTAC  180
  stx1-R  AGAACGCCCACTGAGATCATC  
VIII eltA LTA-1  GGCGACAGATTATACCGTGC  696
  LTA-2  CCGAATTCTGTTATATATGTC  
 fasA F6-Fw  TCTGCTCTTAAAGCTACTGG  333
  F6-Rv  AACTCCACCGTTTGTATCAG  
 estII STb-1  ATCGCATTTCTTCTTGCATC  172
  STb-2  GGGCGCCAAAGCATGCTCC  
IX faeG F4-Fw  GGTGATTTCAATGGTTCG  764
  F4-Rv  ATTGCTACGTTCAGCGGAGCG  
 fanC F5-Fw  TGGGACTACCAATGCTTCTG  450
  F5-Rv  TATCCACCATTAGACGGAGC  
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Primer 
set 
Virulence 
gene Primer name DNA sequence (5’ → 3’) 
A
m
pl
ifi
ed
 
pr
od
uc
t 
(b
p)
 
 estI STa1  TCTTTCCCCTCTTTTAGTCAG  166
  STa2  ACAGGCAGGATTACAACAAAG  
X fedA FedA-1  GTGAAAAGACTAGTTTATTTC  510
  FedA-2  CTTGTAAGTAACCGCGTAAGC  
 F41  F41-Fw  GAGGGACTTTCATCTTTTAG  431
  F41-Rv  AGTCCATTCCATTTATAGGC  
XI aah(orfA)  UN19  CTGGGTGACATTATTGCTTGG  370
  UN20  TTTGCTTGTGCGGTAGACTG  
 aidA AIDA
c 
(orfB)  UN21  TGCAAACATTAAGGGCTCG  450
  UN22  CCGGAAACATTGACCATACC  
 aidA AIDA-I (orfB)  UN23  CAGTTTATCAATCAGCTCGGG  543
  UN24  CCACCGTTCCGTTATCCTC  
XII chuA ChuA.1  GACGAACCAACGGTCAGGAT  279
  ChuA.2  TGCCGCCAGTACCAAAGACA  
 yjaA YjaA.1  TGAAGTGTCAGGAGACGCTG  211
  YjaA.2  ATGGAGAATGCGTTCCTCAAC  
 TSPE4.C2  TspE4C2.1  GAGTAATGTCGGGGCATTCA  152
  TspE4C2.2  CGCGCCAACAAAGTATTACG  
XIII east1 east 11a  CCATCAACACAGTATATCCGA  111
  east 11b  GGTCGCGAGTGACGGCTTTGT  
XIV  cdt CDT3A  GAGTTATTCCTTCCCCAGGC  108
  CDT3B  CAAAGGCATCAACAGCAGAA  
XV paa M155-F1  ATGAGGAAACATAATGGCAGG  350
  M155-R1  TCTGGTCAGGTCGTCAATAC  
XVI  saa SAADF  CGTGATGAACAGGCTATTGC  119
  SAADR  ATGGACATGCCTGTGGCAAC  
XVII ipah ipaHIII  GTTCCTTGACCGCCTTTCCGATACCGTC  600
  ipaHIV  GCCGGTCAGCCACCCTCTGAGATAC  
XVIII  bfpA EP1  AATGGTGCTTGCGCTTCGTGC  326
  EP2  GCCGCTTTATCCAACCTGGTA  
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Table 5.2: PCR amplification parameters for the 12 multiplex and 6 uniplex PCR sets for the detection of 58 virulence genes 
Primer 
Set 
Initial denaturation 
Temp. (oC) /Times (min) 
Denaturation 
Temp (oC) Time 
Annealing 
Temp. (oC) Time 
Extension 
Temp. (oC) Time 
No. of 
Cycles 
Final Extension 
Time (min) 
I-VI 95/15 94 30 s 63 30 s 68 3 min 25 10 
VII 95/3 
95 
95 
95 
95 
95 
95 
95 
1 min 
1 min 
1 min 
1 min 
1 min 
1 min 
1 min 
65 
64 
63 
62 
61 
60 
60 
2 min 
2 min 
2 min 
2 min 
2 min 
2 min 
2 min 
72 
72 
72 
72 
72 
72 
72 
1 min 
1.5 min 
1.5 min 
1.5 min 
1.5 min 
1.5 min 
2.5 min 
10 
1 
1 
1 
1 
10 
10 
- 
VIII & X 94/5 94 1 min 58 1 min 72 1 min 30 7 
IX 94/5 94 1 min 53 1 min 72 1 min 30 7 
XI 94/2 94 1 min 63 1 min 72 30 s 30 10 
XII 94/3 94 5 s 59 10 s - - 30 5 
XIII 94/3 94 30 s 45 30 s 72 30 s 30 10 
XIV 94/3 94 30 s 53 30 s 72 30 s 35 10 
XV 94/2 94 30 s 62 45 s 72 30 s 30 7 
XVI 94/3 
95 1 min 65 2 min 72 1.5 min 10 
7 95 1 min 60 2 min 72 1.5 min 15 
95 1 min 60 2 min 72 2.5 min 10 
XVII 94/3 94 30 s 50 30 s 68 2 min 25 5 
XVIII 94/3 94 30 s 50 30 s 68 2 min 25 5 
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Figure 5.1: Amplification bands on 2% agarose gel corresponding to all 18 PCR sets I-
XVIII for the detection of 58 virulence genes  
(Chapman, T.A. personal communication). 
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5.3. Result and discussion 
5.3.1. The presence of invA and spvC genes in Salmonella spp. isolates 
All 91 Salmonella spp. isolates collected in this study, which belong to a variety of serotypes, 
were tested for the presence of invasion gene invA and plasmid virulence gene spvC by PCR 
amplification. Examination of Salmonella spp. for the invA gene revealed its presence in all 
91 isolates. Figure 5.2 represents an agarose gel electrophoresis example of invA gene PCR 
amplification of some Salmonella spp. isolates of different serotypes.  
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Figure 5.2: PCR products of the invA gene of Salmonella spp. on 1.5% agarose gel 
electrophoresis 
M: 100 bp DNA ladder; +ve: positive control (S. Typhimurium 82/6915); -ve: negative 
control (E. coli HB101); Lane 1-10: S/C/3 (S. London); lane 2: S/C/5 (S. Havana); lane 3: 
S/C/9a (S. Hadar); lane 4: S/C/10a (S. Typhimurium); lane 5: S/C/21a (S. Albany); lane 6: 
S/P/9 (S. Typhimurium); lane 7: S/P/24 (S. Anatum); lane 8: S/B/21a (S. Hull); lane 9: S/B/1b 
(S. Lexington); lane 10: S/SF/1a (S. Paratyphi B biovar Java) 
CHAPTER 5: PATHOGENICITY OF SALMONELLA SPP. AND E. COLI  FOOD ISOLATES FROM VIETNAM 
 
  
 
 
232 
The result of this study showed that all 91 isolates carried the invA gene, irrespective of the 
serovar, in agreement with previous reports that nearly all Salmonella spp. have this virulence 
gene (Swamy et al., 1996; Dinjus et al., 1998; Bolton et al., 1999; Abouzeed et al., 2000; 
Hudson et al., 2000; Olah et al., 2005).  
The role of spv genes in virulence plasmids are related with increased growth rate of 
Salmonella in host cells and the interaction of this organism with the host immune system 
(Gulig et al., 1993a). In this study, only 1 out of 91 isolates was found to carry the spvC gene. 
This isolate was identified as S. Typimurium and came from a chicken sample (S/C/10a). The 
rareness of this gene is documented by a number of other studies. For instance, Olah et al. 
(2005) examined 94 Salmonella spp. isolates recovered from processed turkey carcasses in the 
Midwestern region of the United States and did not detect its presence, while another study by 
Swamy et al. (1996) found 37 of the 245 (15%) Salmonella isolates from poultry, wastewater, 
and human source were positive for this gene. There are some Salmonella serovars that 
belong to subspecies known to contain the virulence plasmid (plasmid that contains the spv 
gene), including Salmonella enterica serovars Typhimurium, Choleraesuis, Dublin, 
Enteritidis, Abortusovis, Abortusequi, Gallinarum-Pullorum, Sendai, Heidelberg (Abouzeed 
et al., 2000; Chu and Chiu, 2006). However, the majority of the spvC-positive isolates were S. 
Typhimurium (Bolton et al., 1999; Abouzeed et al., 2000). Therefore, the different types of 
Salmonella serovars in each study could be the explanation for the different rates of spvC 
gene  recovery. 
PCR amplification of the spvC gene gave a specific band when the 95 kb plasmid of isolate 
S/C/10a was used as DNA template (Figure 5.3), confirming spvC gene was located on this 
large plasmid. S. Typhimurium has been reported to carry this 95 kb virulence plasmid (Chu 
et al., 1999; Chu and Chiu, 2006). 
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Figure 5.3: PCR products of the spvC gene of Salmonella spp. on 1.5% agarose gel 
electrophoresis 
M: 100 bp DNA ladder; +ve: positive control (S. Typhimurium 82/6915); -ve: negative 
control (E. coli HB101); Lane 1: PCR product from crude DNA of S/C/10a 
(S. Typhimurium); lane 2: PCR product from 95 kb plasmid DNA of S/C/10a 
(S. Typhimurium) 
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5.3.2. Invasiveness of Salmonella spp. food isolates. 
The use of tissue culture cells has greatly facilitated the study of bacterial invasion (Tang et 
al., 1993). The tissue culture cell, INT407, was used in the in vitro study to determine 
invasiveness of Salmonella spp. strains. Ten Salmonella spp. food isolates of different 
serotypes and different antibiotic resistance levels, were selected for the invasion assay study. 
To compare the invasiveness of genomic island I- containing isolates with non genomic island 
I- containing isolates, a strain of S. Typhimuriumin DT 104 (DT104) (supplied by 
Microbiological Diagnostic Unit, Melbourne University) and S. Albany (isolated from 
chicken sample in this study) which proved to contain the Salmonella genomic island I 
(Section 4.3.3) were also included in this study. 
In the invasion assay procedures, after allowing bacteria to invade the cells, an 
aminoglycoside antibiotic, commonly gentamycin, was added to the wells to kill extracellular 
bacteria (Tang et al., 1993). In this study, however, most Salmonella strains were resistant to 
gentamycin, therefore, other aminoglycoside antibiotic, kanamycin, was used in the place of 
gentamycin (Vaudaus and Waldvogel, 1979; Tang et al., 1993; Kim et al., 2003).  
The invasion assay showed that all 10 food isolates were invasive to the human intestinal cell 
INT-407. They all contain Salmonella invasive gene invA (Section 5.3.1) but the degree of 
invasiveness was different between isolates. When the invasiveness of pathogenic 
S. Typhimurium 82/6915 was set at 100%, an isolate from chicken (S/C/10a), was able to 
invade INT-407 cells at a slightly higher level (112%) to those of S. Typhimurium 82/6915. 
On the contrary, other strains show lower invasiveness compared to this control strain range 
from 16.4% to 44.4% (Figure 5.4). 
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Figure 5.4: In vitro invasion assay with INT-407 cells.  
The invasiveness of pathogenic S. Typhimurium 82/6975 was set 100%. Each column 
represents the mean and error bars represent the standard error. 
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The highly invasive strain S/C/10a was observed to contain the virulence plasmid (Section 
5.3.1). A study by Swamy et al. (1996) also found that Salmonella isolates that carried the 
virulence plasmid were more invasive.  
The two isolates, S/SF/1a and S/B/1b, were sensitive to all 15 antibiotics tested. The degrees 
of invasion (44.0% and 31.8% compared to the positive control) were in the invasive range of 
other multiresistant isolates (Table 5.3). They were even more invasive than some other 
multiresistant strains such as S/B/19, S/P/24, S/P/15. Therefore, the results could not prove 
any relationship between degree of invasiveness and antibiotic resistance of Salmonella 
isolates. This study also suggested that the presence of Salmonella genomic island I was not 
essential to invasion of Salmonella spp. In fact, the two SGI1-containing isolates: S. Albany  
and S. Typhimurium DT104 show similar degree of invasiveness compared to other non 
genomic island I- containing isolates S/SF/1a and S/P/16; and they were much less invasive 
than non genomic island I- containing isolate S/C/10a (Table 5.3). Similarly, in a study about 
whether multiresistant S. Typhimurium DT104 is more or less pathogenic than non-resistant 
cohorts by an in vitro invasion assay, the authors found that multiresistant isolates did not 
appear more invasive than non-resistant relatives and isolates appeared even less invasive 
than non-resistant ones (Carlson et al., 2000). It seems that multiple antibiotic resistance in 
Salmonella spp. does not correlate with invasive capabilities. 
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Table 5.3: Invasiveness (% compared to control) of Salmonella spp. isolates on 
INT-407 cellsa 
Isolates Serotype Source 
Invasiveness 
(% control) 
Antibiotic resistance 
patterns 
S/C/21a S. Albany Chicken 40.1 AMP, TET, CHL, SUL, 
TRI, NAL, AMO 
DT104 S. Typhimurium Lab strain 44.4 AMP, TET, CHL, SUL, 
STR, NAL, AMO 
S/C/3 S. London Chicken 19.0 TET, SUL, STR, NAL, 
ENR 
S/B/19a S. Anatum Beef 18.1 TET, SUL, STR, NAL 
S/SF/1a S. Paratyphi B 
biovar Java 
Shellfish 44.0 Sensitive 
S/B/1b S. Lexington Beef 31.8 Sensitive 
S/P/24 S. Anatum Pork 16.4 AMP, TET, SUL, STR, 
AMO 
S/P/15 S. Antum Pork 19.6 AMP, TET, NAL, 
AMOX 
S/P/16 S. London Pork 44.5 TET, SUL, STR, NAL, 
ENR 
S/C/5 S. Havana Chicken 23.0 AMP, GEN, CHL, SUL, 
STR, AMO 
S/C/10a S. Typhimurium Chicken 111.8 SUL 
S.Typhimurium 
82/6915 
S. Typhimurium 
(wild type) 
RMIT 
University 
100.0 Sensitive 
a: Antibiotic resistance patterns of isolates were also shown. 
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5.3.3. Virulence genes in E. coli isolates 
PCR amplification has been a sensitive and valuable method for determination of virulence 
genes in E. coli strains (Nataro and Kaper, 1998a; Osek et al., 1999; Paton and Paton, 2002; 
Chen et al., 2004b). PCR was used in this study to examine the presence of 58 virulence 
genes in 38 E. coli isolates. Figure 5.5 and 5.6 represented examples of agarose gel 
electrophoresis of PCR amplification of virulence gene multiplex PCR set I and set II 
respectively. In this study, all of the E. coli isolates were positive for at least one virulence 
gene and there were 16 virulence genes out of 58 virulence genes detected in these 38 E .coli 
isolates (Table 5.4 and 5.5). In total 16 virulence genes were detected, 14 of them were 
present in chicken isolates, whereas 10, 8, 4, and 4 virulence genes were detected in pork, 
shellfish, beef and chicken faeces isolates respectively.  
The 38 isolates were also examined for the presence of antibiotic resistance genes (Chapter 4). 
The average number of antibiotic resistance genes and virulence genes from different origins 
were calculated and are presented in Table 5.6. 
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Figure 5.5: Agarose gel electrophoresis of PCR amplification of virulence gene multiplex 
PCR set I 
M: DNA ladder; +ve: positive control; -ve; negative control; Lane 1-20: Isolates E/C/9b, 
E/P/43a, E/P/48a, E/P/49a, E/P/25a, E/B/16a, E/B/46, E/F/3, E/F/9, E/F/13, E/F/16, E/F/20, 
E/F/25, E/SF/1a, E/SF/6a, E/SF/10a, E/SF/29, E/SF/47a, E/B/41, and E/C/3a respectively. 
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Figure 5.6: Agarose gel electrophoresis of PCR amplification of virulence gene multiplex 
PCR set II. 
M: DNA ladder; +ve: positive control; -ve: negative control; Lane 1-14: strains E/F/20, 
E/F/25, E/SF/1a, E/SF/6a, E/SF/10a, E/SF/47a, E/B/4, E/C/5a, E/C/13a, E/C/24a, E/P/18a, 
E/P/48a, E/P/25a, and E/SF/29 respectively. 
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Table 5.4: The presence of virulence genes in E. coli isolates from different sources 
Virulence gene 
% E. coli strains contain virulence genes  
Chicken 
(%) 
Pork 
(%) 
Beef 
(%) 
Shellfish 
(%) 
Chicken 
faeces 
(%) 
Total 
(%) 
fimH 100.0 87.5 75.0 100.0 85.7 92.11
ibeA 7.1 0 0 0 0 2.63
bmaE 100.0 75.0 50.0 80.0 85.7 84.21
fyuA 7.1 25.0 0 20.0 0.0 10.53
iutA 14.3 12.5 0 0 0 7.89
papG III 0 12.5 0 0 0 2.63
traT 35.7 25.0 0 0 28.6 23.68
iha 7.1 0 0 0 0 2.63
iroNE. coli 14.3 0 0 0 0 5.26
iss 14.3 0 0 0 0 5.26
aah(orfA) 7.1 0 0 0 0 2.63
AIDA-I (orfB) 28.6 50.0 50.0 20.0 14.3 31.58
yjaA 0 12.5 0 20.0 0 5.26
chuA 14.3 0 0 20.0 0 7.89
TSPE4.C2 42.9 50.0 50.0 80.0 0 42.11
east1 50.0 25.0 0 20.0 0 26.32
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Table 5.5: Antibiotic resistance patterns and presence of virulence gene in 38 
E. coli isolates 
Isolate 
name 
Food 
source Antibiotic resistance patterns Virulence genes 
E/C/3a Chicken AMP, CIP, TET, GEN, CHL,SUL, TRI, NOR, 
STR, KAN, NAL, ENR, AMO 
fimH, bmaE, traT, east1 
E/C/4a Chicken AMP, CIP, TET, GEN, CHL,SUL, NOR, 
NAL, ENR, AMO 
fimH, bmaE 
E/C/5a Chicken AMP, CIP, TET, SUL, TRI, NOR, STR, 
NAL, ENR, AMO, AUG, CEP 
fimH, bmaE, iutA, traT, Iha, 
iroNE. coli, Iss, aah(orfA), 
TSPE4.C2 
E/C/9b Chicken AMP, CIP, TET, GEN, CHL,SUL, TRI, NOR, 
STR, KAN, NAL, ENR, AMO, CEP 
fimH, ibeA, bmaE, traT, 
chuA, east1 
E/C/11a Chicken AMP, TET, CHL,SUL, TRI, STR, NAL, 
AMO 
fimH, bmaE, AIDA-I(orfB) 
E/C/13a Chicken AMP, CIP, TET, GEN,SUL, NOR, STR, 
NAL, ENR, AMO 
fimH, bmaE, iutA, traT, 
chuA, TSPE4.C2, east1 
E/C/15a Chicken AMP, TET, SUL, TRI, STR, NAL, ENR, 
AMO 
fimH, bmaE, east1 
E/C/16a Chicken AMP, CIP, TET, GEN, CHL, SUL, TRI, 
NOR, NAL, ENR, AMO, CEP, AUG 
fimH, bmaE, TSPE4.C2, 
east1 
E/C/17a Shellfish AMP, TET, GEN, CHL,SUL, TRI, NOR, 
KAN, NAL, ENR, AMO, STR 
fimH, bmaE, TSPE4.C2, 
east1 
E/C/20a Chicken AMP, CIP, TET, GEN, CHL,SUL, NOR, 
NAL, ENR, AMO 
fimH, bmaE, east1 
E/C/21a Chicken AMP, CIP, TET, GEN, CHL, SUL, TRI, 
NOR, STR, NAL, ENR, AMO, CEP 
fimH, bmaE, TSPE4.C2 
E/C/24a Chicken AMP, TET, GEN, SUL, TRI, AMO, CHL, 
STR 
fimH, bmaE, fyuA, AIDA-
I(orfB) 
E/C/25b Chicken AMP, CIP, TET, CHL, SUL, TRI, NOR, STR, 
NAL, ENR, AMO, AUG 
fimH, bmaE, traT, iroNE. coli , 
Iss, AIDA-I(orfB) 
E/C/29a Chicken AMP, TET, SUL, TRI, AMO fimH, bmaE, AIDA-I(orfB), 
TSPE4.C2 
E/P/15a Pork AMP, TET, GEN, CHL, SUL, TRI, STR, 
KAN, AMO 
traT, AIDA-I (orfB) 
E/P/18a Pork AMP, TET, GEN, SUL, NAL, ENR, AMO, 
STR 
fimH, bmaE, fyuA, papG III, 
AIDA(orfB), TSPE4.C2, 
east1 
E/P/20a Pork AMP, TET, CHL, SUL, TRI, STR, AMO fimH, bmaE, east1 
E/P/27a Pork CIP, TET, GEN, SUL, TRI, NOR, NAL, 
ENR, STR 
fimH, TSPE4.C2 
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Isolate 
name 
Food 
source Antibiotic resistance patterns Virulence genes 
E/P/43a Pork AMP, TET, GEN, SUL, TRI, AMO, STR fimH, bmaE, AIDA-I(orfB), 
yjaA 
E/P/48a Pork AMP, TET, CHL,SUL, TRI, STR, NAL, 
AMO 
fimH, bmaE, fyuA, 
TSPE4.C2 
E/P/49a Pork AMP, CIP, TET, GEN, CHL,SUL, TRI, NOR, 
STR, KAN, NAL, ENR, AMO 
fimH, bmaE, AIDA-I(orfB), 
TSPE4.C2 
E/P/25a Pork AMP, CIP, TET, CHL,SUL, TRI, NOR, STR, 
NAL, ENR, AMO 
fimH, bmaE, iutA, traT 
E/B/16a Beef AMP, TET, CHL,SUL, TRIMETHOPRIM, 
STRTOMYCIN 
fimH 
E/B/17b Beef AMP, TET, CHL, TRI, STR, AMO AIDA-I (orfB) 
E/B/46 Beef AMP, TET, CHL, SUL, TRI,  STR, AMO fimH, bmaE, TSPE4.C2 
E/F/3 Chicken 
faeces 
AMP, TET, GEN, CHL, SUL, TRI, STR, 
NAL, ENR, AMO 
fimH, bmaE 
E/F/8 Chicken 
faeces 
AMP, TET, GEN, CHL,SUL, TRI, KAN, 
NAL, ENR, AMO 
AIDA-I (orfB) 
E/F/9 Chicken 
faeces 
AMP, TET, GEN, CHL,SUL, TRI, NAL, 
AMO, CEP 
fimH, bmaE 
E/F/13 Chicken 
faeces 
TET, GEN, CHL, SUL, TRI, KAN, NAL fimH, bmaE, traT 
E/F/16 Chicken 
faeces 
TET, GEN, CHL, SUL, TRI, KAN, NAL fimH, bmaE, traT 
E/F/20 Chicken 
faeces 
TET, GEN, CHL, SUL, TRI, KAN, NAL fimH, bmaE 
E/F/25 Chicken 
faeces 
TET, CHL, SUL, TRI, NOR, NAL, ENR, CIP fimH, bmaE 
E/SF/1a Shellfish AMP, TET, CHL,SUL, TRI, STR, NAL, 
AMO 
fimH, bmaE, TSPE4.C2 
E/SF/6a Shellfish AMP, CIP, TET, CHL,SUL, TRI, NOR, STR, 
NAL, ENR, AMO 
fimH, bmaE, yjaA, east1 
E/SF/10a Shellfish AMP, CIP, TET, SUL, TRI, NOR, STR, 
KAN, NAL, ENR, AMO, CEP 
fimH, bmaE, AIDA-I(orfB), 
TSPE4.C2 
E/SF/29 Shellfish AMP, TET, GEN, SUL, CEP, TRI, STR, 
NAL, AMO, CEP, AUG 
fimH, fyuA, chuA, TSPE4.C2 
E/SF/47a Shellfish AMP, TET, CHL,SUL, TRI, STR, AMO, CEP fimH, bmaE, TSPE4.C2 
E/B/41 Beef  Sensitive fimH, bmaE, AIDA-I(orfB), 
TSPE4.C2 
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Table 5.6: The average number of antibiotic resistance gene (ARG) and virulence genes 
from each source 
Sources 
(no. of isolates tested) 
Average no. of 
ARG (range) 
Average no. of 
virulence gene 
(range) 
Average no. of ARG 
and virulence gene 
(range) 
Chicken (14) 5.3 (2-8) 4.4 (2-9) 9.7 (6-13) 
Chicken faeces (7) 5.0 (4-6) 2.1 (2-3) 7.1 (6-8) 
Pork (8) 4.5 (2-6) 3.8 (2-7) 8.3 (4-11) 
Beef (4) 2.5 (1-3) 2.3 (1-4) 4.8 (4-6) 
Shellfish (5) 3.4 (2-4) 3.6 (3-4) 7.0 (5-8) 
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The presence of extra-intestinal pathogenic E. coli (ExPEC) from retail meat and poultry has 
been reported (Johnson et al., 2003a; Johnson et al., 2005a; Johnson et al., 2005b). In this 
study, a wide range of ExPEC-associated virulence markers of different virulent functions, 
including bmaE (M-agglutinin subunit), fimH (D-Mannose-specific adhesin, type 1 fimbriae), 
fyuA (Yersinia siderophore receptor (ferric yersiniabactin uptake)), iroNE. coli (novel 
catecholate siderophore), iutA (ferric aerobactin receptor (iron uptake/transport)), ibeA 
(invasion of brain endothelium), iss (serum survival gene), traT (surface exclusion, serum 
survival), and papG III (cystitis-associated (prs or pap-2) papG variant) has been detected. 
The fimH and bmaE genes were dominant and were detected in 92.11% and 84.21% of 
isolates from all sources respectively. High prevalence of fimH gene obtained in this study 
was consistent with previous reports (Johnson and Stell, 1999; Bekal et al., 2003) that this 
gene was present in all E. coli isolates of different pathotypes and also in non pathogenic 
E. coli. In adapting to a pathogenic environment, the genetic variation in the fimH gene can 
change the tropism of E. coli, shifting it toward a virulent phenotype (Sokurenko et al., 1998). 
The elevated prevalence of the bmaE gene in ExPEC animal-source isolates was reported by 
Johnson et al. (2003b). The frequent prevalence of the bmaE gene in our study suggested 
highly horizontal mobility of this gene in E. coli strains which were isolated from raw food in 
Vietnam. The virulence gene traT (serum resistance) and TSPE4.C2 (anonymous DNA 
fragment) were also present at a moderate to high rate (23.68% and 42.11% respectively).  
The gene encoding AIDA (adhesin involved in diffuse adherence) of E. coli DAEC strain is 
located on open reading frames called orfA and orfB (Niewerth et al., 2001). In this study, the 
orfB gene product AIDA-I, which is responsible for diffuse adherence when E. coli cells 
attach to cell lines HeLa and Hep-2 (Benz and Schmidt, 1989; Benz and Schmidt, 2001), were 
detected in 31.5% of E. coli isolates but none of the isolates contain AIDAc (function as 
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translocator for AIDA-I) (Suhr et al., 1996; Benz and Schmidt, 2001). Therefore, none of the 
tested isolates carried intact orfB, but high percentage of isolates from all sources (chicken, 
beef, pork, shellfish, chicken faeces) contain orfB gene product AIDA-I.  In addition, the only 
isolate which contained the  aah (orfA) gene (isolate E/C/5a) did not contain the AIDA-I gene 
(orfB). A study by (Niewerth et al., 2001) suggested that porcine E. coli strains are a major 
reservoir for AIDA genes.  
Another study by Savario et al. (1993) identified a low molecular weight, heat stable, plasmid 
encoded enterotoxin, designated east1 in EAEC. Until now, it has been found that east1 is not 
solely associated with EAEC but is also present in other groups of human and animal 
(especially pig) diarrhoeagenic E. coli, including ETEC, EPEC, and EHEC (Savarino et al., 
1996; Yamamoto and Echverria, 1996; Frydendahl, 2002; Osek, 2003). The pathogenicity of 
E. coli strains producing east1 is unclear (Nataro and Kaper, 1998a), however, some studies 
have established the role of east1 in human outbreaks of diarrhoea such as childhood 
diarrhoea in Spain (Vila et al., 1998) or in an outbreak of gastroenteritis in Japan (Zhou et al., 
2002). This study found high distribution of this gene in meat, poultry and shellfish (50%, 
25% and 20% chicken, pork and shellfish isolates contain these genes respectively), 
suggesting that raw meat, poultry and shellfish in Vietnam could be reservoirs for diarrhoea-
causing E. coli.  
ETEC strains are associated with two major clinical syndromes, these are infant diarrhoea in 
less-developed countries and traveller’s diarrhoea (Levine, 1987; Daniels, 2006). ETEC 
produces two toxins, a heat-stable toxin (known as ST) and a heat-labile toxin (LT) and 
detection of ETEC has widely been based on detection of these enterotoxins (Nataro and 
Kaper, 1998a; Tornieporth et al., 1995; Yavzori et al., 1998; Rich et al., 2001). There are 
several reports of food and water as a potential vehicle of ETEC (Rasrinaul et al., 1988; 
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Olsvik et al., 1991). In this study, PCR amplification of enterotoxins (Sta, STb, LT) were 
negative for all 38 isolates, the results were also negative for the fimbrial adhesin coded genes 
(faeG, fanC, fasA, fedA, F41) of this pathotype, therefore it implied that no ETEC strains were 
present in this collection of E. coli isolates.  
The stx1 and stx2 genes of shiga toxin Stx which is a major virulence factor of EHEC were 
not detected in this study. This EHEC pathotype can produce life threatening disease in 
humans with two key clinical microbiological observations: hemorrhagic (HC) and hemolytic 
uremic syndrome (HUS) (Nataro and Kaper, 1998a; Paton and Paton, 1998). There are many 
studies about the presence of this pathotype, in the food, animals, and environmental samples 
(Fegan and Desmarchelier, 1999; Botteldoom et al., 2003; Guth et al., 2003; Blanco et al., 
2004; Samadpour et al., 2006). As stx1 and stx2 genes were not detected in any of the 38 
isolates, it could be concluded that none of the STEC pathotype were present in this E. coli 
population. In contrast, this pathotype has been found in raw food, especially beef in other 
countries and mostly in industrialised countries (Pierard et al., 1997; Parma et al., 2000; 
Kumar et al., 2001; Guth et al., 2003; Blanco et al., 2004; Conedera et al., 2004; Barlow et 
al., 2006; Carney et al., 2006; Samadpour et al., 2006). Genes encoding accessory EHEC 
virulence factors, including eae (intimin), hlyA (hemolysin) and STEC autoagglutinating 
adhesin (saa) were also absent in all isolates. However, other virulence genes associated with 
EHEC pathotype, including iha (novel nonhemagglutinin adhesin (from O157:H7 and 
CFT073) and chuA (gene required for heme transport in EHEC O157:H7) were detected at a 
low rate (2.6-8.0%). These non-EHEC strains could easily acquire these virulence genes 
through conjugation or transduction from within the EHEC population. 
There were strains which possessed different combinations of virulence genes such as a multi-
resistant E. coli isolate from chicken which contained a combination of nine virulence genes 
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(fimH, bmaE, iutA, iha, traT, iroNE. coli, iss, aah (orfA), TSPE4.C2) (Isolate E/C/5a), other 
multiresistant strains, also isolated from chicken, contained a 7 virulence gene combination 
(fimH, bmaE, iutA, traT, chuA, TSPE4.C2, east1) (isolate E/C/13a) and 6 virulence genes 
(isolate E/C/25b and E/C/9b); and a multi-resistant isolate from pork contained a 7 virulence 
gene combination (fimH, bmaE, fyuA, papG III, AIDA(orfB), TSPE4.C2, east1) (isolate 
E/P/18a) (Table 5.5). E. coli strains in this study may not possess pathogenic functionality due 
to lack of appropriate virulence gene combination (Chapman et al., 2006), however, bacterial 
virulence can be increased as key virulence traits could be transferred between organism 
populations over time; and the problem would be considerable if this virulence acquisition 
occurred in multiresistant strains.  
Among 38 isolates which were investigated for the presence of antibiotic resistance genes and 
virulence genes, isolate E/C/17a from chicken meat contained the maximum number of 
antibiotic resistance genes detected (8 genes) and isolate E/C/5a, also from chicken meat 
contained the maximum number of virulence genes detected (9 genes) (Table 4.6 of chapter 4 
and Table 5.5 of this chapter respectively). In addition, the data in Table 5.6 shows that 
isolates from chicken meat have the most degree of antibiotic resistance genes and virulence 
genes on average. The average number of antibiotic resistance genes in different sources 
were: chicken (5.3), chicken faeces (5.0), pork (4.5), shellfish (3.4), beef (2.5); whereas the 
average number of virulence genes were: chicken (4.4), pork (3.8), shellfish (3.6), beef (2.3) 
and chicken faeces (2.1). Comparing to beef isolates, chicken and pork isolates haboured 
more antibiotic resistance genes and virulence genes. Chicken faeces also contained high 
number of antibiotic resistance genes. These results suggest the selection pressure being 
exerted on farms in chicken and pork production in Vietnam are resulting in an increase in 
frequency of resistance and virulence genes in E. coli especially in which chicken and pork 
haboured.  
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5.4. Conclusion  
The information obtained provides basic information about the virulence determinants of 
Samonella spp. and E. coli in meat, poultry and shellfish in Vietnam. Results of this study 
indicate that Vietnamese Salmonella spp. and E. coli isolates from raw food do possess 
virulence factors. Examination of 91 Salmonella spp. for the invA gene revealed its present in 
all Salmonella spp. isolates irrespective of the serovar or source. Virulence plasmids are one 
of several Salmonella virulence determinants involved in survival and growth in host cells. 
One S. Typhimurium isolate from chicken (S/C/10a) contained a 95 kb virulence plasmid. 
This isolate was also more invasive than other isolates based on invasion assay on human 
intestine INT407 cells line. The invasion assay also revealed that all of the ten 
Salmonella spp. isolates used in invasion assay study, which compose of variety serotypes and 
different levels of resistance, were considered to be invasive for human INT-407 cells. With 
the exception of isolate S/C/10a, the invasion rates in the other nine Salmonella isolates were 
lower than that of pathogenic S. Typhimurium 82/6915 and ranged from 16.4% to 44.4%. It 
was also observed that multiresistant isolates or isolates which contained Salmonella genomic 
island I did not show higher degree of invasion. 
The investigation using PCR to detect the presence of 58 virulence genes in multi-resistant 
E. coli isolates demonstrated that all 38 E. coli isolates included in the study contained at least 
one virulence gene and there were 16 virulence genes out of a total of 58 virulence genes 
detected. Strains possess a variety of virulence-associated traits of different pathotypes, in 
which a variety of virulence genes associated with ExPEC pathotype were observed in this 
E.coli population, including bmaE, fimH, fyuA, iroNE. coli, iutA, ibeA, iss, traT, and papG III. 
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As strains of the same pathotype normally carry the same virulence determinants involved in 
the infection (Bekal et al., 2003), the detection of 58 virulence genes associated with 
representative pathotypes of E. coli in this study allow to detect the presence of certain 
pathotype in these 38 E. coli isolates. In this case, the virulence genes associate with STEC 
pathotype stx1 and stx2 genes were not detected, and heat-stable toxin (ST) and heat-labile 
toxin (LT) genes specific to ETEC were not observed, these results imply that none of these 
38 isolates belongs to STEC or ETEC pathotypes. It was also noticed that there were multi-
resistant isolates which contained from 6 to 9 virulence genes. The wide virulence genes in 
multiresistant E. coli isolates from raw meat, poultry and shellfish in Vietnam obtained in this 
study should take into consideration as genes could be exchanged between organisms, causing 
multiresistant strains to become more virulent. 
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Chapter 6: General Discussion 
Infectious diarrhoea is a major cause of morbidity and economic loss in many developed and 
developing countries. Contaminated food and water are often regarded as important vehicles 
of diarrhoeal transmission (Yam et al., 1999). In addition, antimicrobial resistant bacteria in 
or on food may pose a health risk as resistance genes may be transferred to important human 
pathogenic bacteria via the food chain. This could have impact on human therapy because 
antibiotics may no longer be effective against selected disease causing bacteria.  
This study was conducted to examine the safety of Vietnamese retail raw meat, poultry and 
shellfish. The presence of Salmonella spp., E. coli and V. parahaemolyticus in meat, poultry 
and shellfish were firstly investigated and the clonal relationship of Salmonella spp. was 
examined. The isolates were then analysed for their antibiotic resistance patterns, and their 
mechanisms of resistance were characterised. Additionally, this thesis was developed to 
evaluate the pathogenic nature of these isolates by detecting the presence of virulence genes 
and studying their invasion ability on human cell line INT 407. In addition to food isolates, 
E. coli isolates from chicken faeces were also included in this study. 
The present study demonstrated that retail raw meat, poultry and shellfish samples from 
markets and supermarkets in Ho Chi Minh City, Vietnam were heavily contaminated with 
enteric bacteria. More than 90% of samples were contaminated with E. coli and 60.8% of 
meat and poultry samples were contaminated with Salmonella spp. This high level of 
contamination indicates potential breakdown of hygiene at various stages of the food 
processing and distribution chain. It was found that 94%, 18% and 32% of shellfish samples 
were contaminated with E. coli, Salmonella spp. and V. parahaemolyticus respectively. These 
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results suggest potential of foodborne disease caused by consumption of inadequate or 
undercooked meat, poultry and shellfish.  
It was found that serogoup E was the predominant Salmonella serogroup in beef and pork 
isolates. Salmonella serotype Anatum, was found to be the most important causes of 
salmonellosis in Thailand, and has been found to be prevalent in pork meat in this study 
(15/20 isolates tested). In addition, S. Typhimurium, which is one of the most common human 
pathogenic Salmonella serotypes worldwide, has been detected in beef, chicken, pork and 
shellfish isolates. Other important serotypes for foodborne outbreaks worldwide such as 
S. Paratyphi B biovar Java, S. Panama, S. Rissen, S. Lexington and S. Newport were also 
detected in this study. Again, these results further pronounce the potential risks of Salmonella 
in raw food samples. In contrast, S. Enteritisis, the serotype which has frequently been 
isolated from poultry worldwide, was not detected in this study, suggesting S. Enteritidis is 
not endemic in Vietnamese poultry.  
For Salmonella spp. isolated from food, PFGE banding patterns indicated the genetic diversity 
between isolates, with a total of 33 XbaI PFGE profiles generated from 51 isolates which 
belonged to 16 serotypes, revealing the extensive genetic diversity among Salmonella spp. 
isolated. The PFGE profiles also showed good correlation with serotype, and in some 
instances, antimicrobial resistance profiles. Some authors have suggested the use of PFGE for 
differentiation of Salmonella spp. isolates with the same serotype (On and Baggesen, 1997; 
Punia et al., 1998; Liebana et al., 2001; Nayak et al., 2004; Weigel et al., 2004). It has been 
suggested in this study that the PFGE method could be used as an alternative method for 
typing Salmonella isolates. When dealing with large number of isolates, the isolates should be 
screened first with PFGE method and PFGE band patterns of the isolates are analysed by 
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software, which allows grouping of isolates with the same PFGE type. Only isolates 
representing each PFGE type should be further serotyped to save time and cost.  
Ninety-one Salmonella spp. isolates, 99 E. coli isolates and 16 V. parahemolyticus isolates 
were screened for resistance to antimicrobial agents. The most resistance was observed in 
E. coli isolates where some isolates from chicken and shellfish were resistant to all 15 
antibiotics tested. In addition, all E. coli isolates from pork, chicken and chicken faeces 
displayed resistance to at least one antibiotic. Multiresistance was observed in all sources, in 
which 84% of chicken, 70% of pork and 95% of chicken faeces isolates showed this 
characteristic. Moreover, some isolates from chicken, pork and shellfish were resistant to 12-
14 antibiotics. In agreement with high antibiotic resistance rate to tetracycline of E. coli from 
raw meat (Saenz et al., 2001; Klein and Bulte, 2003; Schroeder et al., 2003; Hart et al., 2004), 
this study detected that resistance to tetracycline was the most common, with 100% E coli 
isolates from pork resistant to this antibiotic. Resistance to ciprofloxacin was particularly high 
in chicken isolates (53%). Ciprofloxacin is one of the frontline therapeutic antimicrobials in 
human medicine, therefore resistance to this antibiotic is a major of concern. Other common 
antibiotic resistance phenotypes in E. coli isolates were sulphafurazole, ampicillin, 
amoxicillin, nalidixic acid, streptomycin and chloramphenicol. The development of antibiotic 
resistance in E. coli might create problems due to their high propensity to disseminate 
antimicrobial resistance genes (WHO, 1997), therefore these results showing high level 
E. coli resistance in food sources should be a cause for concern. 
Resistance to tetracycline, ampicillin, sulphafurazole, streptomycin and nalidixic acid were 
also common in Salmonella spp. isolates from pork and poultry. These isolates displayed 
resistance to enrofloxacin (12.5% in pork and 22.2% in chicken isolates). The findings of 
resistance to fluoroquinolone in both E. coli and Salmonella spp. isolates should be 
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considered seriously as it may lead to the loss of the therapeutic usefulness of this and related 
antibiotics in human therapy. Multiresistant isolates were detected in Salmonella from all 
sources, in which serogroup E isolates were the most predominant, including serotypes 
London, Albany and highest in Anatum. Multiresistant isolates were also observed in 
S. Typhimurium serotype, where one pork isolate was resistant to up to 8 antibiotics. As these 
serotypes are potential human pathogens, the findings confirm the health risk of consumption 
of undercooked meat. Moderate to high level of antibiotic resistance of Salmonella spp. and 
E. coli from food animals might imply that antibiotics have been used widely in Vietnam, 
causing selective pressure for bacteria to become resistant. Resistance was often observed to 
traditional antibiotics such as ampicillin, chloramphenicol, tetracycline. Unfortunately, these 
antimicrobial agents are still used widely in human therapy due to low cost and ready 
availability (Nguyen et al., 2005a). Therefore a high level of resistance to these antibiotics in 
raw food samples may create problem in human health. The prudent use of antimicrobials in 
animal husbandry is therefore critical. None or a very low level of resistance to newer 
antibiotics such as augmentin (amoxicillin-potassium clavulanate) and cephalothin in 
Salmonella spp. and E. coli isolates was found in this study, suggesting that these antibiotics 
are still not being widely used in animals and their use for human therapy may be appropriate. 
In contrast to Salmonella spp. and E. coli isolates, all of the V. parahaemolyticus isolates were 
only resistant to ampicillin and amoxicillin and they were all shown to be able to produce 
beta-lactamase. All V. parahaemolyticus isolates showed uniform resistance to 
ampicillin/amoxicillin but not to other antibiotics. This could be explained as shellfish at retail 
markets could be harvested from wide sources, therefore, acquiring resistance from farming 
practices is preventable.  
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In general, both E. coli and Salmonella spp. from chicken and pork isolates showed a greater 
degree of resistance than that of beef. The possible reason for these observations is that pigs 
and poultry are intensively farm reared, but beef cattle are more free range. The intensive 
farming could lead to higher transfer of multiresistant strains within a herd and higher use of 
antibiotics to manage disease. In addition, the genotypic and phenotypic of antibiotic 
resistance in E. coli from food and chicken faeces are generally comparable, this is to be 
expected as E. coli from chicken meat would original derive from chicken faeces. 
Antibiotic resistant E. coli and Salmonella spp. isolates were investigated to determine the 
presence of antibiotic resistance genes. The genes which are implicated with antibiotic 
resistance and confer resistance to different families of antibiotics, including beta-lactam 
(ampC, SHV, OXA, TEM), phenicols (cat1, cmlA, floR), sulfonamides (sulI), tetracycline 
(tetA, tetB, tetC), trimethoprim (dhfrV, dhfrI), aminoglycosides (aadA, aac(3)-I, aac(3)-IV, 
aphA-1), and macrolides (ereA) were investigated by multiplex and uniplex PCRs. The results 
showed that generally, there was a good correlation between the presence of resistance genes 
and corresponding resistance phenotypes, suggesting that resistance genes when present were 
usually expressed. Similar to results of studies in other countries, betalactam TEM gene and 
tetracycline resistance tetA, tetB genes were widely distributed in both E. coli and 
Salmonella spp. isolates. Other resistance genes, including sulI, cmlA, aadA, aphA1, were 
frequently detected in E. coli isolates. Plasmid-mediated ampC genes were also detected in 
E. coli isolates. As bacteria expressing plasmid-mediates AmpC betalactamases are resistant 
to most beta-lactam antibiotics, resulting in limited therapeutic options for these bacteria, the 
presence of ampC genes in E. coli population in this study should also be aware and further 
study about distribution of ampC gene in clinical and food isolates are necessary to control the 
spread of these genes via the food chain from animals to humans.  
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Class 1 integrons, the mobile element which are known for efficient spread of antibiotic 
resistance genes due to mobilisation capabilities of gene cassettes (Recchia and Hall, 1995; 
Tosini et al., 1998;  Fluit et al., 2001; Goldstein et al., 2001; Sefton, 2002; Du et al., 2005), 
were detected in E. coli and Salmonella spp isolates. There were six patterns (2650, 2000, 
1700, 1500, 1250 and 1200 bp) detected, in which integrons of 2000 bp was shared between 
E. coli and Salmonella spp. isolates. Thirteen percent of Salmonella spp. isolates contained 
class 1 intergons, suggested most of the resistant Salmonella spp. isolates were equipped with 
resistance elements other than integrons responsible for expression of antibiotic resistance. In 
contrast, integron-mediated antibiotic resistance was common among E. coli isolates, where 
57.1% of the isolates were detected to contain integrons, some of them contained 2 integrons. 
Sequencing results showed the presence of classic gene cassettes in the integrons, including: 
aadA1, aadA2 and aadA5 (confer resistance to streptomycin and spectinomycin); 
dihydrofolate reductase gene cassettes; dhfrXII, drfA1 and dhfrA17 (confer resistance to 
trimethoprim); beta-lactamase gene blaPSE1 (confers resistance to ampicillin); catB3 (confers 
resistance to chloramphenicol). The gene cassettes array aacA4-catB3-dfrA1 which was 
reported recently in Asian countries (Kumai et al., 2005; Li et al., 2006) were detected in 
E. coli isolates in this study. The results further confirm the importance integrons may play in 
the spread of antibiotic resistance worldwide. As class 1 integrons normally carry the sulI 
gene which is responsible for sulfonamide resistance and as part of the 3’-CS (Radstrom et 
al., 1991; Leverstein-van Hall et al., 2002b), the high percentage of E. coli isolates containing 
class 1 integrons in this study could come from the extensive usage of sulfonamides in animal 
husbandry practices.  
Large plasmids can carry the transfer genes (tra gene) which enable them to move from one 
host cell to another by themselves, termed conjugative plasmids (Schwarz and Chaslus-
Dancla, 2001a). The transfer of conjugative plasmids is considered to be the most common 
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mechanism for genetic exchange as plasmid conjugation can occur at high frequency, 
capability of co-transfer of several resistance genes and can occur between bacterial species 
and between different species (Carattoli, 2003; Rice et al., 2003). In this study, plasmids were 
detected in all 23 antibiotic resistant Salmonella spp. and 33 E. coli tested isolates, in which 
35% of Salmonella spp. and 76% of E. coli isolates harboured plasmids of more than 95 kb. 
Conjugation experiments demonstrated the transfer of all or part of the antibiotic resistance 
phenotype of the donor to the recipient, including between the same and different species 
(Salmonella spp. and E. coli). Notably, an isolate, S/C/5 (S. Havana) from chicken contained 
two plasmids of 115 and 140 kb, which both could be transferred. These carried with them 
resistance traits to the recipient, by both liquid and solid conjugation methods. These results 
demonstrate the importance of plasmids in the dissemination of antibiotic resistance genes in 
enteric bacteria in Vietnamese food samples and the extensive co-transfer of resistance 
phenotype in the study demonstrated that antimicrobial resistance is a multifaceted problem.  
In addition to conjugation, transduction mechanisms of gene transfer which are involved in 
bacteriophage was included in this study. The pathogenic strain from chicken S/ C/ 10a 
received nalidixic acid resistance and streptomycin resistance phenotypes from donor strains 
with the involvement of the phage P22 HT105/1 int-201. The potential transfer of antibiotic 
resistance genes to such pathogens may contribute to a further dissemination of antibiotic 
resistant zoonotic bacteria. A study by Schmieger and Schicklmaier (1999) demonstrated that 
antibiotic resistance genes of S. Typhimurium DT104 strain can be efficiently transduced by 
the phages which are usually released by DT104 strains. These observations revealed that 
transduction might play an important role in resistance gene transfer and might contribute to 
the genetic diversity of microbial population.  
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SGI1 and its variant has been detected in Salmonella of different serotypes from human, 
animal and some environmental sources in many countries (Boyd et al., 2001; Doublet et al., 
2004a; Levings et al., 2005a;  Mulvey et al., 2006; Levings et al., 2007). The variants of 
SGI1, which exhibit the gain, loss or exchange of resistance genes has been increasing 
detected recently and were accordingly classified from SGI1-A to SGI1-L (Mulvey et al., 
2006;   Cloeckaert et al., 2006; Levings et al., 2007). In this study, PCR mapping results 
illustrated the presence of SGI1-F in a Salmonella isolate from chicken (S. Albany), where the 
aadA2 gene in SGI1 was replaced by dfrA1 and orfF gene cassettes. This variant has been 
reported in S. Albany, S. Cerro and S. Dusseldorf in European and Asian countries (Doublet et 
al., 2003; Levings et al., 2005a). In addition, the PFGE profile of this isolate was genetically 
distinct from that of SGI1-habouring DT104. These together suggested the horizontal transfer 
of this gene cluster. However, the gene cluster could not be shown naturally to be transferred 
to a recipient by typical in vitro conjugation. Doublet et al. (2005) found that SGI1 is a mobile 
element but transmissible only with the presence of a helper plasmid.  
In view of the biology of pathogenic Salmonella spp. and E. coli strains, it can be 
hypothesised that the ability of these foodborne isolates to cause disease in humans is 
dependent upon the possession of virulence genes. The ownership of resistance genes was 
investigated in this study to examine the pathogenicity potential of the isolates. Examination 
of 91 Salmonella spp. for the presence of invasion gene invA and plasmid virulence gene spvC 
revealed present of the invA gene in all isolates irrespective of the serovar or source. On the 
other hand, spvC gene was detected in only 1 S. Typhimurium isolate from chicken (S/C/10a). 
This virulence gene was confirmed to be located on a 95 kb virulence plasmid. The invasion 
assay on human intestinal cells line INT407 was also carried out to assess the invasiveness of 
the Salmonella spp. isolates. The results illustrated that all of the 10 Salmonella spp. isolates 
used in invasion assay study, which compose of a variety of serotypes and different levels of 
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resistance, were considered to be invasive for human INT-407 cells (16.4% to 111.8% 
compared to that of invasive S. Typhimurium 82/6915). It was also observed that the 
multiresistant isolates, including the SGI1-containing isolate, did not show a higher degree of 
invasion. In contrast, the isolate that contain virulence plasmid (S/C/10a) was about two times 
more virulent than other food isolates and also the prevailing pathogen DT104. The results 
illustrated the presence of highly virulent isolate (S/C/10a) in retail chicken. In addition, this 
isolate was demonstrated to have acquired resistance gene by transduction study, causing this 
virulence strain to become more resistant, which might be of public health significant. 
The use of PCR for detection of virulence genes for assessment of the pathogenic potential of 
E. coli strains has been found to be a valuable and sensitive method for identification of 
virulence markers in an E. coli population (Osek et al., 1999; Ewers et al., 2005; Chapman et 
al., 2006; Cheng et al., 2006). Moreover, the presence of different E. coli pathotypes could be 
detected based on the virulence genes of each strain as some virulence gene combinations are 
strongly associated with specific pathotypes (Nataro and Kaper, 1998a; Kuhnert et al., 2000). 
In this study, thirty-eight E. coli isolates were investigated for the presence of fifty-eight 
virulence genes, which are associated with diarrhoea in E. coli pathotypes and ExPEC 
pathotypes. These 58 virulence genes include genes specific for ETEC strain (LT and ST) 
(Tornieporth et al., 1995; Yavzori et al., 1998; Rich et al., 2001) and EHEC (stx1, stx2) (Rich 
et al., 2001; Nguyen et al., 2005b). The combination of virulence genes in these isolates does 
not give them a particular pathogenic phenotype of EPEC, EHEC or ETEC. However, isolates 
from all sources possess a variety of virulence-associated traits of different pathotypes, in 
which a variety of virulence genes associated with ExPEC pathotype were observed, 
including bmaE, fimH, fyuA, iroNE. coli, iutA, ibeA, iss, traT, and papG III. In addition, east1 
gene which is involved in human outbreaks of diarrhoea (Vila et al., 1998; Zhou et al., 2002) 
was found with high frequency in all food sources (20-50%). Moreover, it was also noticed 
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that there were multi-resistant isolates which contained from 6 to 9 virulence genes. The wide 
distribution of virulence genes in E. coli multi-resistant isolates from raw meat, poultry and 
shellfish in Vietnam is of concern as virulence genes are normally on the mobile elements and 
additionally the genome of E. coli is of highly plasticity (Kuhnert et al., 2000), which may 
lead to emerge of new pathotypes with new combinations of virulence factors. In bacterial 
evolution, the genes could be exchanged between organisms, causing multiresistant strains to 
become more virulent. 
Interestingly, it was observed that compared to other sources, Salmonella spp. and E. coli in 
chickens showed a higher degree of resistance phenotype, they also exceed other sources in 
terms of degree of antibiotic resistance genes and virulence genes in average. In addition, 
among 38 isolates which were investigated for the presence of antibiotic resistance genes and 
virulence genes, isolates which contained the maximum number of antibiotic resistance genes 
and virulence genes also belonged to chicken isolates. Moreover, the only isolate which 
contained SGI1 (S/C/21a) and virulence plasmid (S/C/10a) were chicken isolates. Using all 
the results together, it could be concluded that chicken meat is the most risk associated food 
sources in term of antibiotic resistance and virulence potential. The spread of antimicrobial 
agents given to poultry might be the reason for high rates of resistance and overcrowded 
population in poultry husbandry may contribute to the spread of antibiotic and virulence genes 
between populations. 
Results of this study have illustrated the potential of fooborne pathogens which were shown to 
be resistant to many antimicrobials in raw food samples from Vietnam, suggesting a potential 
health hazard. It is therefore necessary to put more emphasis on food hygiene and the use of 
Hazard Analysis and Critical Control Point (HACCP) in the preparation and processing of 
foods to reduce the risk of infection (Harakeh et al., 2005). The surveillance of potential 
CHAPTER 6: GENERAL DISCUSSION 
 
  
 
 
261 
pathogenic bacteria in raw food is therefore necessary for public health significance. 
Moreover, this study demonstrated enteric bacteria in Vietnamese food samples are reservoirs 
of not only important antibiotic resistance genetics elements including integrons, plasmids, 
antibiotic resistance genes, but also a pool of individual virulence genes. These findings are 
worrisome as elements may readily crossing ecological boundaries and could spread more 
widely. Furthermore, antibiotic resistance strains may becoming even more hazardous as they 
acquire other virulence genes and co-selection of antimicrobial and virulence genes following 
recombination may lead to the emergence of strains types that may be more difficult to treat 
(Miriagou et al., 2006; Nogrady et al., 2006). Training for food handlers on safe food 
handling and proper cooking are therefore important to reduce or eliminate the risk from 
antibiotic resistance and pathogenic bacteria originating from food. It is essential to minimise 
the opportunity for organisms to develop resistance. Consequently it would be best if the use 
of antibiotics in animal feed is strongly regulated. This study provides the very first data about 
antibiotic resistance and pathogenic potential of enteric bacteria in raw food from Vietnam. 
There is still a big gap in understanding the genetic background of antibiotic resistance and 
virulence of enteric bacteria from food. Studies with comprehensive collections of samples 
are urgently needed to establish the measures for preventing foodborne pathogens. 
REFERENCE 
 
  
 
 
262 
REFERENCE 
 
 
 Aabo, S., J. E. Olsen, E. J. Threlfall, and D. J. Brown. 1995. Characterization of 
non-virulence plasmids with homology to the virulence plasmid of Salmonella dublin. 
Res. Microbiol. 146:751-759. 
 Aarestrup, F. M. 1999. Association between the consumption of antimicrobial agents 
in animal husbandry and the occurrence of resistant bacteria among food animals. Int. 
J. Antimicrob. Agents 12:279-285. 
 Abbott, S. L., C. Powers, C. A. Kaysner, Y. Takeda, M. Ishibashi, S. W. Joseph, 
and J. M. Janda. 1989. Emergence of a restricted bioserovar of Vibrio 
parahaemolyticus as the predominant cause of Vibrio-associated gastroenteritis on the 
West Coast of the United States and Mexico. J. Clin. Microbiol. 27:2891-2893. 
 Abduch Fabrega, V. L., A. J. Piantino Ferreira, F. Reis da Silva Patricio, C. 
Brinkley, and I. C. Affonso Scaletsky. 2002. Cell detaching Escherichia coli 
(CDEC) strains from children with diarrhea: identification of a protein with toxigenic 
activity. FEMS Microbiol. Lett. 217:191–197. 
 Abouzeed, Y. M., H. Hariharan, C. Poppe, and F. S. B. Kibenge. 2000. 
Characterization of Salmonella isolates from beef cattle, broiler chickens and human 
sources on Prince Edward Island. Comp. Immunol. Microbiol. Infect. Dis. 23:253-
266. 
 Adak, G. K., S. M. Long, and S. J. O’Brien. 2002. Trends in indigenous foodborne 
disease and deaths, England and Wales: 1992 to 2000. Gut 51:832–841. 
 Ahmed, A. M., K. Furuta, K. Shimomura, H. Kawamoto, and T. Shimamoto. 
2005. Characterization of a multidrug-resistant isolate of Salmonella Paratyphi B from 
Japan. J. Antimicrob. Chemother. 56:250–250a. 
 Akiba, M., T. Sameshima, T. Anzai, R. Wada, and M. Nakazawa. 1999. 
Salmonella Abortusequi strains of equine origin harbor a 95kb plasmid responsible for 
virulence in mice. Vet. Microbiol. 68:265-272. 
 Akiba, M., K. Nakamura, D. Shinoda, N. Yoshii, H. Ito, I. Uchida, and M. 
Nakazawa. 2006. Detection and characterization of variant Salmonella genomic 
island 1s from Salmonella Derby isolates. Jpn. J. Infect. Dis. 59:341-345. 
 Albert, M. J., S. M. Faruque, A. S. Faruque, P. K. Neogi, M. Ansaruzzaman, N. 
A. Bhuiyan, K. Alam, and M. S. Akbar. 1995. Controlled study of Escherichia coli 
diarrheal infections in Bangladeshi children. J. Clin. Microbiol. 33:973-977. 
 Al-Ghamdi, M. S., F. El-Morsy, Z. H. Al-Mustafa, M. Al-Ramadhan, and M. 
Hanif. 1999. Antibiotic resistance of Escherichia coli isolated from poultry workers, 
patients and chicken in the eastern province of Saudi Arabia. Trop. Med. Int. Health. 
4:278-283. 
REFERENCE 
 
  
 
 
263 
 Angkititrakul, S., C. Chomvarin, T. Chaita, K. Kanistanon, and S. 
Waethewutajarn. 2005. Epidemiology of antimicrobial resistance in Salmonella 
isolated from pork, chicken meat and humans in Thailand. Southeast Asian J. Trop. 
Med. Public Health 36:1510-1515. 
 Angulo, F. J., K. R. Johnson, R. V. Tauxe, and M. L. Cohen. 2000. Origins and 
consequences of antimicrobial-resistant nontyphoidal Salmonella: Implications for the 
use of fluoroquinolones in food animals. Microb. Drug Resist. 6:77-83. 
 Angulo, F. J., V. N. Nargund, and T. C. Chiller. 2004. Evidence of an association 
between use of anti-microbial agents in food animals and anti-microbial resistance 
among bacteria isolated from humans and the human health consequences of such 
resistance. J. Vet. Med., Ser. B 51:374–379. 
 Anh, N. T., P. D. Cam, and A. Dalsgaard. 2001. Antimicrobial resistance of Shigella 
spp isolated from diarrheal patients between 1989 and 1998 in Vietnam. Southeast 
Asian J. Trop. Med. Public Health 32:856-862. 
 Anonymous. 2002a. Decision number 29/2002/QÐ/BNN-TY on the prohibition in 
importation, production, and uses of veterinary medicine of some chemicals and 
antibiotics. Department of Agriculture and Rural Development. (in Vietnamese). 
 Anonymous. 2002b. Decision number 54/2002/QÐ-BNN on prohibition the 
importation, exportation, transportation and uses of some antibiotics and chemicals  in 
the production and trading of animal feeds. Department of Agriculture and Rural 
Development. (in Vietnamese). 
 Antunes, P., C. Reu, J. C. Sousa, L. Peixe, and N. Pestana. 2003. Incidence of 
Salmonella from poultry products and their susceptibility to antimicrobial agents. Int. 
J. Food Microbiol. 82:97-103. 
 Antunes, P., J. Machado, J. o. C. Sousa, and L. s. Peixe. 2005. Dissemination of 
sulfonamide resistance genes (sul1, sul2, and sul3) in Portuguese Salmonella enterica 
strains and relation with integrons. Antimicrob. Agents Chemother. 49:836–839. 
 Antunes, P. c., J. Machado, and L. s. Peixe. 2006. Characterization of antimicrobial 
resistance and class 1 and 2 integrons in Salmonella enterica isolates from different 
sources in Portugal. J. Antimicrob. Chemother. 58:297–304. 
 Araujo, V. S., V. A. Pagliares, M. L. P. Queiroz, and A. C. Freitas-Almeida. 2002. 
Occurence of Staphylococcus and enteropathogens in soft cheese commercialized in 
the city of Rio de Janeiro, Brazil. J. Appl. Microbiol. 92:1172-1177. 
 Arbeit, R. D., M. Arthur, R. Dunn, C. Kim, R. K. Selander, and R. Goldstein. 
1990. Resolution of recent evolutionary divergence among Escherichia coli from 
related lineages: the application of pulsed field electrophoresis to molecular 
epidemiology. J. Infect. Dis. 161:230-235. 
 Arvanitidou, M., A. Tsakris, D. Sofianou, and V. Katsouyannopoulos. 1998. 
Antimicrobial resistance and R-factor transfer of salmonellae isolated from chicken 
carcasses in Greek hospitals. Int. J. Food Microbiol. 14:197-201. 
REFERENCE 
 
  
 
 
264 
 Baggesen, D. L., D. Sandvang, and F. M. Aarestrup. 2000. Characterization of 
Salmonella enterica serovar typhimurium DT104 isolated from Denmark and 
comparison with isolates from Europe and the United States. J. Clin. Microbiol. 
38:1581-1586. 
 Bakshi, C. S., V. P. Singh, M. Malik, R. K. Singh, and B. Sharma. 2003. 55 kb 
plasmid and virulence-associated genes are positively correlated with Salmonella 
enteritidis pathogenicity in mice and chickens. Vet. Res. Commun. 27:425-432. 
 Bangtrakulnonth, A., S. Pornreongwong, C. Pulsrikarn, P. Sawanpanyalert, R. S. 
Hendriksen, D. M. Lo-Fo-Wong, and F. M. Aarestrup. 2004. Salmonella serovars 
from humans and other sources in Thailand, 1993–2002. Emerg. Infect. Dis. 10:131-
136. 
 Barbosa, T. M., and S. B. Levy. 2000. The impact of antibiotic use on resistance 
development and persistence. Drug Resist. Updat. 3:303–311. 
 Barlow, R. S., K. S. Gobius, and P. M. Desmarchelier. 2006. Shiga toxin-producing 
Escherichia coli in ground beef and lamb cuts: results of a one-year study. Int. J. Food 
Microbiol. 111:1-5. 
 Barrett, T. J., H. Lior, J. H. Green, R. Khakhria, J. G. Wells, B. P. Bell, K. D. 
Greene, J. Lewis, and P. M. Griffin. 1994. Laboratory investigation of a multistate 
food-borne outbreak of Escherichia coli O157:H7 by using pulsed-field gel 
electrophoresis and phage typing. J. Clin. Microbiol. 32:3013-3017. 
 Barrow, P. A., and M. A. Lovell. 1988. The association between a large molecular 
mass plasmid and virulence in a strain of Salmonella pullorum. J. Gen. Microbiol. 
134:2307-2316. 
 Barrow, P. A., and M. A. Lovell. 1989. Functional homology of virulence plasmids 
in Salmonella gallinarum, S. pullorum, and S. typhimurium. Infect Immun. 57:3136-
3141. 
 Batchelor, M., K. L. Hopkins, E. J. Threlfall, F. A. Clifton-Hadley, A. D. 
Stallwood, R. H. Davies, and E. Liebana. 2005. Characterization of AmpC-mediated 
resistance in clinical Salmonella isolates recovered from humans during the period 
1992 to 2003 in England and Wales. J. Clin. Microbiol. 43:2261-2265. 
 Baudart, J., K. Lemarchand, A. Brisabois, and P. Lebaron. 2000. Diversity of 
Salmonella strains isolated from the aquatic environment as determined by serotyping 
and amplification of the ribosomal DNA spacer regions. Appl. Environ. Microbiol. 
66:1544–1552. 
 Bauer, A., O. Ostensvik, M. Florvag, O. Ormen, and L. M. Rorvik. 2006. 
Occurrence of Vibrio parahaemolyticus, V. cholerae, and V. vulnificus in Norwegian 
Blue Mussels (Mytilus edulis). Appl. Environ. Microbiol. 72:3058-3061. 
 Bauer, M. E., and R. A. Welch. 1996. Characterization of an RTX toxin from 
enterohemorrhagic Escherichia coli O157:H7. Infect. Immun. 64:167–175. 
REFERENCE 
 
  
 
 
265 
 Bauernfeind, A., S. Wagner, R. Jungwirth, I. Schneider, and D. Meyer. 1997. A 
novel class C beta-lactamase (FOX-2) in Escherichia coli conferring resistance to 
cephamycins. Antimicrob. Agents Chemother. 41:2041–2046. 
 Beatty, M. E., P. M. Adcock, S. W. Sminh, K. Quinlan, L. A. Kamimoto, S. Y. 
Rowe, K. Scott, C. Conover, T. Varchmin, C. A. Bopp, K. D. Greene, B. Bibb, L. 
Slutsker, and E. D. Mintz. 2006. Epidemic diarrhea due to Enterotoxigenic 
Escherichia coli. Clin. Infect. Dis. 42:329-34. 
 Bej, A. K., D. P. Patterson, C. W. Brasher, M. C. L. Vickery, D. D. Jones, and C. 
A. Kaysner. 1999. Detection of total and hemolysin-producing Vibrio 
parahaemolyticus in shellfish using multiplex PCR amplification of tl, tdh and trh. J. 
Microbiol. Methods 36:215-225. 
 Bekal, S., R. Brousseau, L. Masson, G. Prefontaine, J. Fairbrother, and J. Harel. 
2003. Rapid identification of Escherichia coli pathotypes by virulence gene detection 
with DNA microarrays. J. Clin. Microbiol. 41:2113-2125. 
 Beninger, P. R., G. Chikami, K. Tanabe, C. Roudier, J. Fierer, and D. G. Guiney. 
1988. Physical and genetic mapping of the Salmonella dublin virulence plasmid 
pSDL2. Relationship to plasmids from other Salmonella strains. J. Clin. Invest. 
81:1341-1347. 
 Benz, I., and M. A. Schmidt. 1989. Cloning and expression of an adhesin (AIDA-I) 
involved in diffuse adherence of enteropathogenic Escherichia coli. Infect. Immun. 
57:1506-1511. 
 Benz, I., and M. A. Schmidt. 2001. Glycosylation with heptose residues mediated by 
the aah gene product is essential for adherence of the AIDA-I adhesin. Mol. 
Microbiol. 40:1403–1413. 
 Berger-Bachi, B., and N. McCallum. 2006. State of the knowledge of bacterial 
resistance. Injury. 37:S20-S25. 
 Berrang, M. E., S. R. Ladely, M. Simmons, D. L. Fletcher, and P. J. Fedorka-
Cray. 2006. Antimicrobial resistance patterns of Salmonella from retailed chicken. 
Int. J. of Poult. Sci. 5:351-354. 
 Bertin, A. 1995. Comparison of several procedures for plasmid profile determination 
in Escherichia coli. J. Microbiol. Methods 22:109-117. 
 Bischoff, K. M., D. G. White, M. E. Hume, T. L. Poole, and D. J. Nisbet. 2005. 
The chloramphenicol resistance gene cmlA is disseminated on transferable plasmids 
that confer multiple-drug resistance in swine Escherichia coli. FEMS Microbiol. Lett. 
243:285–291. 
 Blanco, M., N. L. Padola, A. Kruger, M. E. Sanz, J. E. Blanco, E. A. Gonzalez, G. 
Dahbi, A. Mora, M. I. Bernardez, A. I. Etcheverría, G. H. Arroyo, P. M. A. 
Lucchesi, A. E. Parma, and J. Blanco. 2004. Virulence genes and intimin types of 
Shiga-toxin-producing Escherichia coli isolated from cattle and beef products in 
Argentina. Int. Microbiol. 7:269-276. 
REFERENCE 
 
  
 
 
266 
 Boerlin, P., S. A. McEwen, F. Boerlin-Petzold, J. B. Wilson, R. P. Johnson, and C. 
L. Gyles. 1999. Associations between virulence factors of Shiga toxin-producing 
Escherichia coli and disease in humans. J. Clin. Microbiol. 37:497–503. 
 Boerlin, P., R. Travis, C. L. Gyles, R. Reid-Smith, N. Janecko, H. Lim, V. 
Nicholson, S. A. McEwen, R. Friendship, and M. Archambault. 2005. 
Antimicrobial resistance and virulence genes of Escherichia coli isolates from swine 
in Ontario. Appl. Environ. Microbiol. 71:6753-6761. 
 Bokanyi Jr, R. P., J. F. Stephens, and D. N. Foster. 1990. Isolation and 
characterization of Salmonella from broiler carcasses or parts. Poult. Sci. 69:592–598. 
 Bolton, F. J., and H. Aird. 1998. Verocytotoxin-producing Escherichia coli O157: 
public health and microbiological significance. Br. J. Biomed. Sci. 55:127–135. 
 Bolton, L. F., L. C. Kelley, M. D. Lee, P. J. Fedorka-Cray, and J. J. Maurer. 
1999. Detection of multidrug-resistant Salmonella enterica serotype typhimurium 
DT104 based on a gene which confers cross-resistance to florfenicol and 
chloramphenicol. J. Clin. Microbiol. 37:1348–1351. 
 Boonmar, S., A. Bangtrakulnonth, S. Pornruangwong, S. Samosornsuk, K. 
Kaneko, and M. Ogawa. 1998. Significant increase in antibiotic resistance of 
Salmonella isolates from human beings and chicken meat in Thailand. Vet. Microbiol. 
62:73-80. 
 Bopp, C. A., F. W. Brenner, P. I. Fields, J. G. Wells, and N. A. Strockbine. 2003. 
Escherichia, Shigella and Salmonella, p. 654-671. In Murray, P. R., E. J. Baron, J. H. 
Jorgensen, M. A. Pfaller, and R. H. Yolken (ed.), Manual of clinical microbiology, 
vol. 1. ASM Press, Washington D. C. 
 Botteldoom, N., M. Heyndrickx, N. Rijpens, and L. Herman. 2003. Detection and 
characterization of verotoxigenic Escherichia coli by a VTEC/EHEC multiplex PCR 
in porcine faeces and pig carcass swabs. Res. Microbiol. 154:97-104. 
 Box, A. T., D. J. Mevius, P. Schellen, J. Verhoef, and A. C. Fluit. 2005. Integrons 
in Escherichia coli from food-producing animals in The Netherlands. Microb. Drug 
Resist. 11:53-57. 
 Boyd, D., G. A. Peters, A. Cloeckaert, K. S. Boumedine, E. Chaslus-Dancla, H. 
Imberechts, and M. R. Mulvey. 2001. Complete nucleotide sequence of a 43-
kilobase genomic island associated with the multidrug resistance region of Salmonella 
enterica serovar Typhimurium DT104 and its identification in phage type DT102 and 
serovar Agona. J. Bacteriol. 183:5725-5732. 
 Boyd, D., A. Cloeckaert, E. Chaslus-Dancla, and M. R. Mulvey. 2002. 
Characterization of variant Salmonella genomic island 1 multidrug resistance regions 
from serovars Typhimurium DT104 and Agona. Antimicrob. Agents Chemother. 
46:1714-1722. 
REFERENCE 
 
  
 
 
267 
 Boyd, D. A., G. A. Peters, L. Ng, and M. R. Mulvey. 2000. Partial characterization 
of a genomic island associated with the multidrug resistance region of Salmonella 
enterica Typhimurium DT104. FEMS Microbiol. Lett. 189:285-291. 
 Brabban, A. D., E. Hite, and T. R. Callaway. 2005. Evolution of foodborne 
pathogens via temperate bacteriophage-mediated gene transfer. Foodborne Pathog. 
Dis. 2:287-303. 
 Brackelsberg, C. A., L. K. Nolan, and J. Brown. 1997. Characterization of 
Salmonella dublin and Salmonella typhimurium (Copenhagen) isolates from cattle. 
Vet. Res. Commun. 21:409-420. 
 Brands, D. A., A. E. Inman, C. P. Gerba, M. C. John, S. J. Billington, L. A. Saif, 
J. F. Levine, and L. A. Joens. 2005. Prevalence of Salmonella spp. in oysters in the 
United States. Appl. Environ. Microbiol. 71:893–897. 
 Brinas, L., M. Zarazaga, Y. Saenz, F. Ruiz-Larrea, and C. Torres. 2002. Beta-
lactamases in ampicillin-resistant Escherichia coli isolates from foods, humans, and 
healthy animals. Antimicrob. Agents Chemother. 46:3156-3163. 
 Bryan, A., N. Shapir, and M. J. Sadowsky. 2004. Frequency and distribution of 
tetracycline resistance genes in genetically diverse, nonselected, and nonclinical 
Escherichia coli strains isolated from diverse human and animal sources. Appl. 
Environ. Microbiol. 70:2503–2507. 
 Bryan, F. L., and M. P. Doyle. 1995. Health risks and consequences of Salmonella 
and Campylobacter jejuni in raw poultry. J. Food Prot. 58:326-344. 
 Bryskier, A. 2005. Antimicrobial agents. ASM Press, Washington D. C. 
 Butt, A. A., K. E. Aldridge, and C. V. Sanders. 2004. Infectious related to the 
ingestion of seafood Part I: viral and bacterial infections. Lancet Infect. Dis. 4:201-
212. 
 Bywater, R. J. 2004. Veterinary use of antimicrobials and emergence of resistance in 
zoonotic and sentinel bacteria in the EU. J. Vet. Med., Ser. B 51:361. 
 Cabrera, R., J. Ruiz, F. Marco, I. Oliveira, M. Arroyo, A. Aladuena, M. A. Uresa, 
M. T. Jimenez De Anta, J. Gascon, and J. Vila. 2004. Mechanism of resistance to 
several antimicrobial agents in Salmonella clinical isolates causing traveler's diarrhea. 
Antimicrob. Agents Chemother. 48:3934-3939. 
 Cameron, D. N., F. M. Khambaty, I. K. Wachsmuth, R. V. Tauxe, and T. J. 
Barrett. 1994. Molecular characterization of Vibrio cholerae O1 strains by pulsed-
field gel electrophoresis. J. Clin. Microbiol. 32:1685–1690. 
 Cao, V., T. Lambert, D. Q. Nhu, H. K. Loan, N. K. Hoang, G. Arlet, and P. 
Courvalin. 2002. Distribution of extended-spectrum beta-lactamases in clinical 
isolates of Enterobacteriaceae in Vietnam. Antimicrob. Agents Chemother. 46:3739-
3743. 
REFERENCE 
 
  
 
 
268 
 Caprioli, A., I. Luzzi, F. Rosmini, C. Rest, A. Edefonti, F. Perfumo, C. Farina, A. 
Goglio, A. Gianviti, and G. Rizzoni. 1994. Community outbreak of hemolytic-
uremic syndrome associated with non-O157 verocytotoxin-producing Escherichia 
coli. J. Infect. Dis. 169:208–211. 
 Carattoli, A., E. Filetici, L. Villa, A. M. Dionisi, A. Ricci, and I. Luzzi. 2002. 
Antibiotic resistance genes and Salmonella genomic island 1 in Salmonella enterica 
serovar Typhimurium isolated in Italy. Antimicrob. Agents Chemother. 46:2821-2828. 
 Carattoli, A. 2003. Plasmid-mediated antimicrobial resistance in Salmonella enterica. 
Curr. Issues Mol. Biol. 5:113-122. 
 Carlson, S. A., M. Browning, K. E. Ferris, and B. D. Jones. 2000. Identification of 
diminished tissue culture invasiveness among multiple antibiotic resistant Salmonella 
typhimurium DT104. Microb. Pathog. 28:37-44. 
 Carneiro, L. A. M., M. C. Lins, F. R. A. Garcia, A. P. S. Silva, P. M. Mauller, G. 
B. Alves, A. C. P. Rosa, J. R. C. Andrade, A. C. Freitas-Almeida, and M. L. P. 
Queiroz. 2006. Phenotypic and genotypic characterisation of Escherichia coli strains 
serogrouped as enteropathogenic E. coli (EPEC) isolated from pasteurised milk. Int. J. 
Food Microbiol. 108:15-21. 
 Carnevale, R., K. Molbak, F. Bager, and F. M. Aarestrup. 2000. Fluoroquinolone 
resistance in Salmonella: a web discussion. Clin. Infect. Dis. 31:128-130. 
 Carney, E., S. B. O'Brien, J. J. Sheridan, D. A. McDowell, I. S. Blair, and G. 
Duffy. 2006. Prevalence and level of Escherichia coli O157 on beef trimmings, 
carcasses and boned head meat at a beef slaughter plant. Food Microbiol. 23:52-9. 
 Carraminana, J. J., J. Yanguela, D. Blanco, C. Rota, A. I. Agustin, A. Arino, and 
A. Herrera. 1997. Salmonella incidence and distribution of serotypes throughout 
processing in a Spanish poultry slaughterhouse. J. Food Prot. 60:1312– 1317. 
 Carraminana, J. J., C. Rota, I. Agustyn, and A. Herrera. 2004. High prevalence of 
multiple resistance to antibiotics in Salmonella serovars isolated from a poultry 
slaughterhouse in Spain. Vet. Microbiol. 104:133–139. 
 Casewell, M., C. Friis, E. M. Granell, P. McMullin, and I. Phillips. 2002. The 
European ban on growth-promoting antibiotics and its consequences for animal and 
human health. International Federation for Animal Health. 
http://www.ifahsec.org/europe/press_releases/news18-annex1.htm. 
 Casewell, M., C. Friis, E. Marco, P. McMullin, and I. Phillips. 2003. The European 
ban on growth-promoting antibiotics and emerging consequences for human and 
animal health. J. Antimicrob. Chemother. 52:159-61. 
 Castanheira, M., A. S. Pereira, A. G. Nicoletti, A. C. C. Pignatari, A. L. Barth, 
and A. C. Gales. 2007. Plasmid-mediated qnrA1 in a ciprofloxacin-resistant 
Escherichia coli strain: First report in Latin America. Antimicrob. Agents Chemother. 
Article in press. 
REFERENCE 
 
  
 
 
269 
 Catry, B., H. Laevens, L. A. Devriese, G. Opsomer, and A. de Kruif. 2003. 
Antimicrobial resistance in livestock. J. Vet. Pharmacol. Therap. 26:81-93. 
 Cavallo, R. A., and L. Stabili. 2002. Presence of vibrios in seawater and Mytilus 
galloprovincialis (Lam.) from the Mar Piccolo of Taranto (Ionian Sea). Water Res. 
36:3719-3726. 
 CDC. 1995a. Community outbreak of hemolytic uremic syndrome attributable to 
Escherichia coli O111:NM—South Australia, 1995. Morb. Mortal. Wkly. Rep. 
44:550–558. 
 CDC. 1995b. Outbreak of acute gastroenteritis attributable to Escherichia coli 
serotype O104:H21—Helena, Montana, 1994. Morb. Mortal. Wkly. Rep. 44:501–503. 
 CDC. 2000. Escherichia coli O111:H8 outbreak among teenage campers- Texas, 
1999. Morb. Mortal. Wkly. Rep. 49:321-324. 
 CDC. 2005. Bacterial foodborne and diarrheal disease national case surveillance. 
Annual report, 2003. Atlanta Centers for Disease Control and Prevention. 
 CDC. 2006a. Preliminary FoodNet data on the incidence of infection with pathogens 
transmitted commonly through food --- 10 States, United States, 2005. Morb. Mortal. 
Wkly. Rep. 55:392-395. 
 CDC. 2006b. Two cases of toxigenic Vibrio cholerae O1 Infection after hurricanes 
Katrina and Rita --- Louisiana, October 2005. Morb. Mortal. Wkly. Rep. 55:31-32. 
 CDC. 2006c. Vibrio parahaemolyticus infections associated with consumption of raw 
shellfish --- three states, 2006. Morb. Mortal. Wkly. Rep. 55:854-856. 
 Cebrian, L., E. Sirvent, J. C. Rodriguezdiaz, M. Ruiz, and G. Royo. 2003. 
Characterisation of Salmonella spp. mutants produced by exposure to various 
fluoroquinolones. Int. J. Antimicrob. Agents. 22:134-139. 
 Chang, C.-Y., L.-L. Chang, Y.-H. Chang, T.-M. Lee, and S.-F. Chang. 2000. 
Characterisation of drug resistance gene cassettes associated with class 1 integrons in 
clinical isolates of Escherichia coli from Taiwan, ROC. J. Med. Microbiol. 49:1097-
1102. 
 Chapman, T. A., X.-Y. Wu, I. Barchia, K. A. Bettelheim, S. Driesen, D. Trott, M. 
Wilson, and J. Chin. 2006. Comparison of virulence gene profiles of Escherichia coli 
strains isolated from healthy and diarrheic swine. Appl.  Environ. Microbiol. 72:4782–
4795. 
 Chaslus-Dancla, E., P. Pohl, M. Meurisse, M. Marin, and J. P. Lafont. 1991. High 
genetic homology between plasmids of human and animal origins conferring 
resistance to the aminoglycosides gentamicin and apramycin. Antimicrob. Agents 
Chemother. 35:590–593. 
 Chen, S., S. Zhao, D. G. White, C. M. Schroeder, R. Lu, H. Yang, P. F. 
McDermott, S. Ayers, and J. Meng. 2004a. Characterization of multiple-
REFERENCE 
 
  
 
 
270 
antimicrobial-resistant Salmonella serovars isolated from retail meats. Appl. Environ. 
Microbiol. 70:1-7. 
 Chen, T.-H., Y.-C. Wang, Y.-T. Chen, C.-H. Yang, and K.-S. Yeh. 2006. Serotype 
occurrence and antimicrobial susceptibility of Salmonella isolates recovered from pork 
carcasses in Taiwan (2000 through 2003). J. Food Prot. 69:674-678. 
 Chen, X., S. Gao, X. Jiao, and X. F. Liu. 2004b. Prevalence of serogroups and 
virulence factors of Escherichia coli strains isolated from pigs with postweaning 
diarrhoea in eastern China. Vet. Microbiol. 103:13-20. 
 Cheng, D., H. Suna, J. Xua, and S. Gaoa. 2006. PCR detection of virulence factor 
genes in Escherichia coli isolates from weaned piglets with edema disease and/or 
diarrhea in China. Vet. Microbiol. 115:320-328. 
 Cherubin, C. E., and R. H. Eng. 1991. Quinolones for the treatment of infections 
due to Salmonella. Rev. Infect. Dis. 13:343-344. 
 Chiu, C.-H., and J. T. Ou. 1996. Rapid identification of Salmonella serovars in feces 
by specific detection of virulence genes, invA and spvC, by an enrichment broth 
culture-multiplex PCR combination assay. J. Clin. Microbiol. 34:2619-2622. 
 Chiu, C.-H., T.-L. Wu, L.-H. Su, C. Chu, J.-H. Chia, A.-J. Kuo, M.-S. Chien, and 
T.-Y. Lin. 2002. The emergence in Taiwan of fluoroquinolone resistance in 
Salmonella enterica serotype Choleraesuis. N. Engl. J. Med. 346:413-419. 
 Chiu, C.-H., L.-H. Su, C.-H. Chu, M.-H. Wang, C.-M. Yeh, F.-X. Weill, and C. 
Chu. 2006. Detection of multidrug-resistant Salmonella enterica serovar 
Typhimurium phage types DT102, DT104, and U302 by multiplex PCR. J. Clin. 
Microbiol. 44:2354–2358. 
 Choi, C., D. Kwon, and C. Chae. 2001. Prevalence of the enteroaggregative 
Escherichia coli heat-stable enterotoxin 1 gene and its relationship with fimbrial and 
enterotoxin genes in E. coli isolated from diarrheic piglets. J. Vet. Diagn. Invest. 
13:26-9. 
 Chopra, I., and M. Roberts. 2001. Tetracycline antibiotics: mode of action, 
applications, molecular biology, and epidemiology of bacterial resistance. Microbiol. 
Mol. Biol. Rev. 65:232–260. 
 Chopra, I., A. J. O'Neill, and K. Miller. 2003. The role of mutators in the emergence 
of antibiotic-resistant bacteria. Drug Resist. Updat. 6:137–145. 
 Chowdhury, A., M. Ishibashi, D. T. Vu, T. N. T. Dinh, V. T. Tran, T. C. Bui, L. 
Von Seidlein, G. C. Do, J. Clemens, D. T. Dang, and M. Nishibuchi. 2004. 
Emergence and serovar transition of Vibrio parahaemolyticus pandemic strains 
isolated during a diarrhea outbreak in Vietnam between 1997 and 1999. Microbial. 
Immunol. 48:319-327. 
 Chu, C., S.-F. Hong, C. Tsai, W.-S. Lin, T.-P. Liu, and J. T. Ou. 1999. 
Comparative physical and genetic maps of the virulence plasmids of Salmonella 
REFERENCE 
 
  
 
 
271 
enterica serovars Typhimurium, Enteritidis, Choleraesuis, and Dublin. Infect. Immun. 
67:2611-2614. 
 Chu, C., and C.-H. Chiu. 2006. Evolution of the virulence plasmids of non-typhoid 
Salmonella and its association with antimicrobial resistance. Microbes Infect. 8:1931-
1936. 
 Chung, Y. H., S. Y. Kim, and Y. H. Chang. 2003. Prevalence and antibiotic 
susceptibility of Salmonella isolated from foods in Korea from 1993 to 2001. J. Food 
Prot. 66:1154-1157. 
 Clark, A., S. Morton, P. Wright, J. Corkish, F. J. Bolton, and J. Russell. 1997. A 
community outbreak of Vero cytotoxin producing Escherichia coli O157 infection 
linked to a small farm dairy. Commun. Dis. Rep. CDR Rev. 7:R206-11. 
 Clarke, S. C. 2001. Diarrhoeagenic Escherichia coli-an emerging problem? Diagn. 
Microbiol. Infect. Dis. 41:93-98. 
 Clegg, F. G., S. N. Chiejina, A. L. Duncan, R. N. Kay, and C. Wray. 1983. 
Outbreaks of Salmonella Newport infection in dairy herds and their relationship to 
management and contamination of the environment. Vet. Rec. 112:580–584. 
 Cloeckaert, A., S. Baucheron, G. Flaujac, S. Schwarz, C. Kehrenberg, J.-L. 
Martel, and E. Chaslus-Dancla. 2000. Plasmid-mediated florfenicol resistance 
encoded by the floR gene in Escherichia coli isolated from cattle. Antimicrob. Agents 
Chemother. 44:2858–2860. 
 Cloeckaert, A., K. S. Boumedine, G. Flaujac, H. Imberechts, I. D’Hooghe, and E. 
Chaslus-Dancla. 2000b. Occurrence of a Salmonella enterica serovar Typhimurium 
DT104-like antibiotic resistance gene cluster including the floR gene in S. enterica 
serovar Agona. Antimicrob. Agents Chemother. 44:1359–1361. 
 Cloeckaert, A., K. Praud, B. Doublet, M. Demartin, and F.-X. Weill. 2006. Variant 
Salmonella genomic island 1-L antibiotic resistance gene cluster in Salmonella 
enterica serovar Newport. Antimicrob. Agents Chemother. 50:3944–3946. 
 CLSI. 2005. Performance standards for antimicrobial susceptibility testing; Fifteenth 
informational supplement. NLSI document M100-S15. Clinical and Laboratory 
Standards Institute, Wayne, PA. 
 Cohen, J. I., J. A. Bartlett, and G. R. Corey. 1987. Extra-intestinal manifestations of 
salmonella infections. Medicine (Baltimore) 66:349-388. 
 Cohen, M. L., and R. V. Tauxe. 1986. Drug-resistant Salmonella in the United 
States: an epidemiologic perspective. Science 234:964-969. 
 Coia, J. E. 1998. Clinical, microbiological and epidemiological aspects of Escherichia 
coli O157 infection. FEMS Immunol. Med. Microbiol. 20:1-9. 
 Colakoglu, F. A., A. Sarmasik, and B. Koseoglu. 2006. Occurrence of Vibrio spp. 
and Aeromonas spp. in shellfish harvested off Dardanelles cost of Turkey. Food 
Control 17:648-652. 
REFERENCE 
 
  
 
 
272 
 Collignon, P. 2000. Antimicrobial resistance. Emerg. Infect. Dis. 6:434-436. 
 Conedera, G., P. Dalvit, M. Martini, G. Galiero, M. Gramaglia, E. Goffredo, G. 
Loffredo, S. Morabito, D. Ottaviani, F. Paterlini, G. Pezzotti, M. Pisanu, P. 
Semprini, and A. Caprioli. 2004. Verocytotoxin-producing Escherichia coli O157 in 
minced beef and dairy products in Italy. Int. J. Food Microbiol. 96:67-73. 
 Courvalin, P. 1994. Transfer of antibiotic resistance genes between gram-positive and 
gram-negative bacteria. Antimicrob. Agents Chemother. 38:1147-1451. 
 Cowden, J. M., S. Ahmed, M. Donaghy, and A. Riley. 2001. Epidemiological 
investigation of the central Scotland outbreak of Escherichia coli O157 infection, 
November to December, 1996. Epidemiol. Infect. 126:335–341. 
 Cravioto, A., R. E. Reyes, R. Ortega, G. Fernandez, R. Hernandez, and D. Lopez. 
1988. Prospective study of diarrhoeal disease in a cohort of rural Mexican children: 
incidence and isolated pathogens during the first two years of life. Epidemiol. Infect. 
101:123-134. 
 Croci, L., P. Serratore, L. Cozzi, A. Stacchini, S. Milandri, E. Suffredini, and L. 
Toti. 2001. Detection of Vibrionaceae in mussels and in their seawater growing area. 
Lett. Appl. Microbiol. 32:57-61. 
 Crump, J. A., S. P. Luby, and E. D. Mintz. 2004. The global burden of typhoid 
fever. Bull. World Health Organ. 82:346-53. 
 Czerwinrski, M. 2006. Salmonellosis in Poland in 2004. Przegl. Epidemiol. 60:429-
440. 
 Dalsgaard, A., M. J. Albert, D. N. Taylor, T. Shimada, R. Meza, O. 
Serichantalergs, and P. Echeverria. 1995a. Characterization of Vibrio cholerae non-
O1 serogroups obtained from an outbreak of diarrhea in Lima, Peru. J. Clin. 
Microbiol. 33:2715–2722. 
 Dalsgaard, A., O. Serichantalergs, C. Pitarangsi, and P. Echeverria. 1995b. 
Molecular characterization and antibiotic susceptibility of Vibrio cholerae non-O1. 
Epidemiol. Infect. 114:51-63. 
 Dalsgaard, A., A. Forslund, L. Bodhidatta, O. Serichantalergs, C. Pitarangsi, L. 
Pang, T. Shimada, and P. Echeverria. 1999a. A high proportion of Vibrio cholerae 
strains isolated from children with diarrhoea in Bangkok, Thailand are multiple 
antibiotic resistant and belong to heterogenous non-O1, non-O139 O-serotypes. 
Epidemiol. Infect. 122:217-226. 
 Dalsgaard, A., A. Forslund, N. V. Tam, D. X. Vinh, and P. D. Cam. 1999b. 
Cholera in Vietnam: changes in genotypes and emergence of class I integrons 
containing aminoglycoside resistance gene cassettes in Vibrio cholerae O1 strains 
isolated from 1979 to 1996. J. Clin. Microbiol. 37:734-741. 
 Dalsgaard, A., A. Forslund, A. Petersen, D. J. Brown, F. Dias, S. Monteiro, K. 
Molbak, P. Aaby, A. Rodrigues, and A. Sandstrom. 2000a. Class 1 integron-borne, 
REFERENCE 
 
  
 
 
273 
multiple-antibiotic resistance encoded by a 150-kilobase conjugative plasmid in 
epidemic Vibrio cholerae O1 strains isolated in Guinea-Bissau. J. Clin. Microbiol. 
38:3774-3779. 
 Dalsgaard, A., A. Forslund, O. Serichantalergs, and D. Sandvang. 2000b. 
Distribution and content of class 1 integrons in different Vibrio cholerae O-serotype 
strains isolated in Thailand. Antimicrob. Agents Chemother. 44:1315-1321. 
 Danbara, H., R. Moriguchi, S. Suzuki, Y. Tamura, M. Kijima, K. Oishi, H. 
Matsui, A. Abe, and M. Nakamura. 1992. Effect of 50 kilobase-plasmid, pKDSC50, 
of Salmonella choleraesuis RF-1 strain on pig septicemia. J. Vet. Med. Sci. 54:1175–
1178. 
 Daniels, N. A., B. Ray, A. Easton, N. Marano, E. Kahn, A. L. McShan II, L. D. 
Rosario, T. Baldwin, M. A. Kingsley, N. D. Puhr, J. G. Wells, and F. J. Angulo. 
2000a. Emergence of a new Vibrio parahaemolyticus serotype in raw oysters. JAMA 
284:1541–1545. 
 Daniels, N. A., L. MacKinnon, R. Bishop, S. Altekruse, B. Ray, R. M. Hammond, 
S. Thompson, S. Wilson, N. H. Bean, P. M. Griffin, and L. Slutsker. 2000b. Vibrio 
parahaemolyticus infections in the United States, 1973-1998. J. Infect. Dis. 181:1661-
1666. 
 Daniels, N. A. 2006. Enterotoxigenic Escherichia coli: traveler's diarrhea comes 
home. Clin. Infect. Dis. 42:335-336. 
 D'Aoust, J.-Y., J. Maurer, and J. S. Bailey. 2001. Salmonella species, p. 141-178. In 
Doyle, M. P., L. R. Beuchat, and T. J. Montville (ed.), Food microbiology: 
fundamentals and frontiers. ASM Press, Washington, D. C. 
 Davies, J. E. 1997. Origins, acquisition and dissemination of antibiotic resistance 
determinants. Ciba Found. Symp. 207:15–27. 
 Davis, M. A., D. D. Hancock, T. E. Besser, D. H. Rice, J. M. Gay, C. Gay, L. 
Gearhart, and R. DiGiacomo. 1999. Changes in antimicrobial resistance among 
Salmonella enterica serovar Typhimurium isolates from humans and cattle in the 
Northwestern United States, 1982-1997. Emerg. Infect. Dis. 5:802-806. 
 Dawson, K. A., B. E. Langlois, T. S. Stahly, and G. L. Cromwell. 1984. Antibiotic 
resistance in anaerobic and coliform bacteria from the intestinal tract of swine fed 
therapeutic and subtherapeutic concentrations of chlortetracycline. J. Anim. Sci. 
58:123–131. 
 Dechet, A. M., E. Scallan, K. Gensheimer, R. Hoekstra, J. Gunderman-King, J. 
Lockett, D. Wrigley, W. Chege, and J. Sobel. 2006. Outbreak of multidrug-resistant 
Salmonella enterica serotype Typhimurium definitive type 104 infection linked to 
commercial ground beef, northeastern United States, 2003–2004. Clin. Infect. Dis. 
42:747-752. 
REFERENCE 
 
  
 
 
274 
 Deepanjali, A., H. S. Kumar, I. Karunasagar, and I. Karunasagar. 2005. Seasonal 
variation in abundance of total and pathogenic Vibrio parahaemolyticus bacteria in 
oysters along the southwest coast of India. Appl. Environ. Microbiol. 71:3575–3580. 
 del Cerro, A., S. M. Soto, and M. C. Mendoza. 2003. Virulence and antimicrobial-
resistance gene profiles determined by PCR-based procedures for Salmonella isolated 
from samples of animal origin. Food microbiol. 20:431-438. 
 DePaola, A., L. H. Hopkins, J. T. Peeler, B. Wentz, and R. M. McPhearson. 1990. 
Incidence of Vibrio parahaemolyticus in U.S. coastal waters and oysters. Appl. 
Environ. Microbiol. 56:2299-2302. 
 Desmarchelier, P. M. 1997a. Pathogenic Vibrios. In Hocking, A. D., G. Arnold, I. 
Jenson, K. Newton, and P. Sutherland (ed.), Foodborne microorganisms of public 
health significance. AIFST (NSW Branch) Food Microbiology Group, Sydney. 
 Desmarchelier, P. M., and F. H. Grau. 1997b. Escherichia coli. In Hocking, A. D., 
G. Arnold, I. Jenson, K. Newton, and P. Sutherland (ed.), Foodborne microorganisms 
of public health significance. AIFST (NSW branch) Food Microbiology Group, 
Sydney. 
 Dileep, V., H. S. Kumar, Y. Kumar, M. Nishibuchi, I. Karunasagar, and I. 
Karunasagar. 2003. Application of polymerase chain reaction for detection of Vibrio 
parahaemolyticus associated with tropical seafoods and coastal environment. Lett. 
Appl. Microbiol. 36:423-428. 
 Dinjus, U., I. Hanel, W. Rabsch, and R. Helmuth. 1998. Studies of the presence of 
the virulence factors, adhesion, invasion, intracellular multiplication and toxin 
formation in salmonellas of different origin. Zent.bl. Bakteriol. 287:387-398. 
 Dobrindt, U. 2005. (patho-)Genomics of Escherichia coli. Int. J. Med. Microbiol. 
295:357-371. 
 Dominguez, A., N. Torner, L. Ruiz, A. Martinez, R. Bartolome, E. Sulleiro, A. 
Teixido, and A. Plasencia. 2007. Foodborne Salmonella-caused outbreaks in 
Catalonia (Spain), 1990 to 2003. J. Food Prot. 70:209-213. 
 Dominguez, C., I. Gomez, and J. Zumalacarregui. 2002. Prevalence of Salmonella 
and Campylobacter in retail chicken meat in Spain. Int. J. Food Microbiol. 72:165– 
168. 
 Donaldson, S. C., B. A. Straley, N. V. Hegde, A. A. Sawant, C. DebRoy, and B. M. 
Jayarao. 2006. Molecular epidemiology of ceftiofur-resistant Escherichia coli isolates 
from dairy calves. Appl. Environ. Microbiol. 72:3940-3948. 
 Donovan, T. J., and P. V. Netten. 1995. Culture media for the isolation and 
enumeration of pathogenic Vibrio species in foods and environmental samples. Int. J. 
Food Microbiol. 26:77-91. 
 Doorduyn, Y., C. M. de Jager, W. K. van der Zwaluw, I. H. M. Friesema, A. E. 
Heuvelink, E. de Boer, W. J. B. Wannet, and Y. T. H. P. van Duynhoven. 2006. 
REFERENCE 
 
  
 
 
275 
Shiga toxin-producing Escherichia coli (STEC) O157 outbreak, the Netherlands, 
September – October 2005. Euro Surveill. 11:182-185. 
 Doublet, B., S. Schwarz, E. Nussbeck, S. Baucheron, J.-L. Martel, E. Chaslus-
Dancla, and A. Cloeckaert. 2002. Molecular analysis of chromosomally florfenicol-
resistant Escherichia coli isolates from France and Germany. J. Antimicrob. 
Chemother. 49:49-54. 
 Doublet, B., R. Lailler, D. Meunier, A. Brisabois, D. Boyd, M. Mulvey, R., E. 
Chaslus-Dancla, and A. Cloeckaert. 2003. Variant Salmonella genomic island 1 
antibiotic resistance gene cluster in Salmonella enterica serovar Albany. Emerg Infect 
Dis. 9:585-591. 
 Doublet, B., P. Butaye, H. Imberechts, D. Boyd, M. Mulvey, R., E. Chaslus-
Dancla, and A. Cloeckaert. 2004a. Salmonella genomic island 1 multidrug resistance 
gene clusters in Salmonella enterica serovar Agona isolated in Belgium in 1992 to 
2002. Antimicrob. Agents Chemother. 48:2510-2517. 
 Doublet, B., F. X. Weill, L. Fabre, E. Chaslus-Dancla, and A. Cloeckaert. 2004b. 
Variant Salmonella genomic island 1 antibiotic resistance gene cluster containing a 
novel 3'-N-aminoglycoside acetyltransferase gene cassette, aac(3)-Id, in Salmonella 
enterica serovar Newport. Antimicrob. Agents Chemother. 48:3806-3812. 
 Doublet, B., D. Boyd, M. R. Mulvey, and A. Cloeckaert. 2005. The Salmonella 
genomic island 1 is an integrative mobilizable element. Mol. Microbiol. 55:1911-
1924. 
 Du, X., Z. Shen, B. Wu, S. Xia, and J. Shen. 2005. Characterization of class 1 
integrons-mediated antibiotic resistance among calf pathogenic Escherichia coli. 
FEMS Microbiol. Lett. 245:295–298. 
 Duffy, E. A., K. E. Belk, J. N. Sofos, G. R. Bellinger, A. Pape, and G. C. Smith. 
2001. Extent of microbial contamination in United States pork retail products. J. Food 
Prot. 64:172–178. 
 Duffy, G., O. M. Cloak, M. G. O'Sullivan, A. Guillet, J. J. Sheridan, I. S. Blair, 
and D. A. McDowell. 1999. The incidence and antibiotic resistance profiles of 
Salmonella spp. on Irish retail meat products. Food Microbiol. 16:623-631. 
 Dunlop, R. H., S. A. McEwen, A. H. Meek, R. C. Clarke, W. D. Black, and R. M. 
Friendship. 1998. Associations among antimicrobial drug treatments and 
antimicrobial resistance of fecal Escherichia coli of swine of 34 farrow to finish farms 
in Ontario, Canada. Prev. Vet. Med. 34:283–305. 
 Dutta, C., and A. Pan. 2002. Horizontal gene transfer and bacterial diversity. J. 
Biosci. 27:27-33. 
 Ebner, P., K. Garner, and A. Mathew. 2004. Class 1 integrons in various 
Salmonella enterica serovars isolated from animals and identification of genomic 
island SGI1 in Salmonella enterica var. Meleagridis. J. Antimicrob. Chemother. 
53:1004-1009. 
REFERENCE 
 
  
 
 
276 
 Ehara, M., B. M. Nguyen, D. T. Nguyen, C. Toma, N. Higa, and M. Iwanaga. 
2004. Drug susceptibility and its genetic basis in epidemic Vibrio cholerae O1 in 
Vietnam. Epidemiol. Infect. 132:595-600. 
 Elhadi, N., S. Radu, C.-H. Chen, and M. Nishibuchi. 2004. Prevalence of 
potentially pathogenic Vibrio species in the seafood marketed in Malaysia. J. Food 
Prot. 67:1469-1475. 
 Endtz, H. P., G. J. Ruijs, B. van Klingeren, W. H. Jansen, T. van der Reyden, and 
R. P. Mouton. 1991. Quinolone resistance in campylobacter isolated from man and 
poultry following the introduction of fluoroquinolones in veterinary medicine. J. 
Antimicrob. Chemother. 27:199-208. 
 Engberg, J., F. M. Aarestrup, D. E. Taylor, P. Gerner-Smidt, and I. Nachamkin. 
2001. Quinolone and macrolide resistance in Campylobacter jejuni and C. coli: 
resistance mechanisms and trends in human isolates. Emerg. Infect. Dis. 7:24-34. 
 Ewers, C., T. Janssen, S. Kiessling, H. C. Philipp, and L. H. Wieler. 2005. Rapid 
detection of virulence-associated genes in avian pathogenic Escherichia coli by 
multiplex polymerase chain reaction. Avian Dis. 49:269-73. 
 FAO/WHO. 2004. Food borne disease surveillance in Japan. 
http://www.fao.org/docrep/meeting/008/ae340e/ae340e00.htm. 
 Farmer III, J. J., B. J. Howard, and A. S. Weissfeld. 1987. Enterobacteriaceae, p. 
289-328. In Howard, B. J., J. Klass II, S. J. Rubin, A. S. Weissfeld, and R. C. Tilton 
(ed.), Clinical and pathogenic microbiology. The C. V. Mosby Company, St. Louis. 
 Farmer III, J. J., J. M. Janda, and K. Birkhead. 2003. Vibrio, p. 706-718. In 
Murray, P. R., E. J. Baron, J. H. Jorgensen, M. A. Pfaller, and R. H. Yolken (ed.), 
Manual of clinical microbiology. ASM Press, Washington, D. C. 
 Farrington, L. A., R. B. Harvey, S. A. Buckley, R. E. Droleskey, D. J. Nisbet, and 
P. D. Inskip. 2001. Prevalence of antimicrobial resistance in salmonellae isolated 
from market-age swine. J. Food Prot. 64:1496–1502. 
 Fegan, N., and P. Desmarchelier. 1999. Shiga toxin-producing Escherichia coli in 
sheep and preslaughter lambs in eastern Australia. Lett. Appl. Microbiol. 28:335-339. 
 Fey, P. D., T. J. Safranek, M. E. Rupp, E. F. Dunne, E. Ribot, P. C. Iwen , P. A. 
Bradford, F. J. Angulo, and S. H. Hinrichs. 2000. Ceftriaxone-resistant Salmonella 
infection acquired by a child from cattle. N. Engl. J. Med. 342:1242-9. 
 Fierer, J., M. Krause, R. Tauxe, and D. Guiney. 1992. Salmonella typhimurium 
bacteremia: association with the virulence plasmid. J. Infect. Dis. 166:639–642. 
 Finlay, B. B., and S. Falkow. 1989. Salmonella as an intercellular parasite. Mol. 
Microbiol. 3:1833-1841. 
 Fisher, I. 2000. Salmonella in Europe – Enter-net report, April-June 2000. Euro 
Surveill. 36:1-3. 
REFERENCE 
 
  
 
 
277 
 Fitzgerald, C., K. Stanley, S. Andrew, and K. Jones. 2001. Use of pulsed-field gel 
electrophoresis and flagellin gene typing in identifying clonal groups of 
Campylobacter jejuni and Campylobacter coli in farm and clinical environments. 
Appl. Environ. Microbiol. 67:1429-1436. 
 Fluit, A. C., and F. J. Schmitz. 1999. Class 1 integrons, gene cassettes, mobility, and 
epidemiology. Eur. J. Clin. Microbiol. Infect. Dis. 18:761-770. 
 Fluit, A. C., M. R. Visser, and F.-J. Schmitz. 2001. Molecular detection of 
antimicrobial resistance. Clin. Microbiol. Rev. 14:836–871. 
 Fluit, A. C., and F. J. Schmitz. 2004. Resistance integrons and super-integrons. Clin. 
Microbiol. Infect. 10:272–288. 
 Formal, S. B., T. L. Hale, and P. J. Sansonetti. 1983. Invasive enteric pathogens. 
Rev. Infect. Dis. 5:S702-707. 
 Frydendahl, K. 2002. Prevalence of serogroups and virulence genes in Escherichia 
coli associated with postweaning diarrhoea and edema disease in pigs and a 
comparison of diagnostic approaches. Vet. Microbiol. 85:169-182. 
 FSANZ. 2006. FSANZ shares ideas at APEC food safety workshop in Viet Nam. 
Food Standards News 59:4. 
 Galan, J. E., and R. Curtiss III. 1989. Cloning and molecular characterization of 
genes whose products allow Salmonella typhimurium to penetrate tissue culture cells . 
Proc. Natl. Acad. Sci. 86:6383-6387. 
 Galan, J. E., and R. Curtiss III. 1991. Distribution of the invA, -B, -C, and -D genes 
of Salmonella typhimurium among other Salmonella serovars: invA mutants of 
Salmonella typhi are deficient for entry into mammalian cells. Infect. Immun. 
59:2901-2908. 
 Galanis, E., D. M. A. Lo Fo Wong, M. E. Patrick, N. Binsztein, A. Cieslik, T. 
Chalermchaikit, A. Aidara-Kane, A. Ellis, F. J. Angulo, and H. C. Wegener. 
2006. Web-based surveillance and global Salmonella distribution, 2000–2002. Emerg. 
Infect. Dis. 12:381-388. 
 Galdiero, E., G. Donnarumma, L. de Martino, A. Marcatili, G. Cipollaro de 
l'Ero, and A. Merone. 1994. Effect of low-nutrient seawater on morphology, 
chemical composition, and virulence of Salmonella typhimurium. Arch. Microbiol. 
162:41-47. 
 Gannon, V. P., M. Rashed, R. K. King, and E. J. Thomas. 1993. Detection and 
characterization of the eae gene of Shiga-like toxin-producing Escherichia coli using 
polymerase chain reaction. J. Clin. Microbiol. 31:1268–1274. 
 Garau, J., M. Xercavins, M. Rodriguez-Carballeira, J. R. Gomez-Vera, I. Coll, D. 
Vidal, T. Llovet, and A. Ruiz-Bremon. 1999. Emergence and dissemination of 
quinolone resistant Escherichia coli in the community. Antimicrob. Agents 
Chemother. 43:2736–2741. 
REFERENCE 
 
  
 
 
278 
 Garzon, A., D. A. Cano, and J. Casadesus. 1995. Role of Erf recombinase in P22-
mediated plasmid transduction. Genetics. 140: 427–434. 
 Gaulin, C., C. Vicent, L. Alain, and J. Ismail. 2002. Outbreak of Salmonella 
paratyphi B linked to aquariums in the province of Quebec, 2000. Can. Commun. Dis. 
Rep. 28:89–93. 
 Gay, K., A. Robicsek, J. Strahilevitz, C. H. Park, G. Jacoby, T. J. Barrett, F. 
Medalla, T. M. Chiller, and D. C. Hooper. 2006. Plasmid-mediated quinolone 
resistance in non-Typhi serotypes of Salmonella enterica. Clin. Infect. Dis. 43:297-
304. 
 Gebreyes, W. A., and C. Altier. 2002. Molecular characterization of multidrug-
resistant Salmonella enterica subsp. enterica serovar Typhimurium isolates from 
swine. J. Clin. Microbiol. 40:2813-2822. 
 Gebreyes, W. A., S. Thakur, P. R. Davies, J. A. Funk, and C. Altier. 2004. Trends 
in antimicrobial resistance, phage types and integrons among Salmonella serotypes 
from pigs, 1997-2000. J. Antimicrob. Chemother. 53:997-1003. 
 Gebreyes, W. A., and S. Thakur. 2005. Multidrug-resistant Salmonella enterica 
serovar Muenchen from pigs and humans and potential interserovar transfer of 
antimicrobial resistance. Antimicrob. Agents Chemother. 49:503-511. 
 Germon, P., Y.-H. Chen, L. He, J. E. Blanco, A. Bree, C. Schouler, S.-H. Huang, 
and M. Moulin-Schouleur. 2005. ibeA, a virulence factor of avian pathogenic 
Escherichia coli. Microbiology 151:1179-1186. 
 Ginocchio, C. C., and J. E. Galan. 1995. Functional conservation among members of 
the Salmonella typhimurium InvA family of proteins. Infect. Immun. 63:729–732. 
 Glynn, M. K., C. Bopp, W. Dewitt, P. Dabney, M. Mokhtar, and F. J. Angulo. 
1998. Emergence of multidrug-resistant Salmonella enterica serotype Typhimurium 
DT104 infections in the United States. N. Engl. J. Med. 338:1333-1338. 
 Goldstein, C., M. D. Lee, S. Sanchez, C. Hudson, P. Brad, B. Register, M. Grady, 
C. Liebert, A. O. Summers, D. G. White, and J. J. Maurer. 2001. Incidence of 
class 1 and 2 integrases in clinical and commensal bacteria from livestock, companion 
animals, and exotics. Antimicrob. Agents Chemother. 45:723–726. 
 Gomez, T. M., Y. Motarjemi, S. Miyagawa, F. K. Kaferstein, and K. Stohr. 1997. 
Foodborne salmonellosis. World Health Stat. Q. 50:81-89. 
 Gonzalez-Escalona, N., V. Cachicas, C. Acevedo, M. L. Rioseco, J. A. Vergara, F. 
Cabello, J. Romero, and R. T. Espejo. 2005. Vibrio parahaemolyticus diarrhea, 
Chile, 1998 and 2004. Emerg. Infect. Dis. 11:129-131. 
 Gordillo, M. E., G. R. Reeve, J. Pappas, J. J. Mathewson, H. L. DuPont, and B. E. 
Murray. 1992. Molecular characterization of strains of enteroinvasive Escherichia 
coli O143, including isolates from a large outbreak in Houston, Texas. J. Clin. 
Microbiol. 30:889–893. 
REFERENCE 
 
  
 
 
279 
 Graninger, W., K. Zedtwitz-Liebenstein, H. Laferl, and H. Burgmann. 1996. 
Quinolones in gastrointestinal infections. Chemotherapy 42:43-53. 
 Grohmann, E., G. Muth, and M. Espinosa. 2003. Conjugative plasmid transfer in 
gram-positive bacteria. Microbiol. Mol. Biol. Rev. 67:277–301. 
 Guardabassi, L., L. Dijkshoorn, J. M. Collard, and J. E. Olsen Dalsgaard. 2000. 
Distribution and in-viro transfer of tetracycline resistance determinants in clinical and 
aquatic Acinetobacter strains. J. Med. Microbiol. 49:929-936. 
 Guerra, B., S. Soto, S. Cal, and M. C. Mendoza. 2000. Antimicrobial resistance and 
spread of class 1 integrons among Salmonella serotypes. Antimicrob. Agents 
Chemother. 44:2166–2169. 
 Guerra, B., S. Soto, R. Helmuth, and M. C. Mendoza. 2002. Characterization of a 
self-transferable plasmid from Salmonella enterica serotype Typhimurium clinical 
isolates carrying two integron-borne gene cassettes together with virulence and drug 
resistance genes. Antimicrob. Agents Chemother. 46:2977-2981. 
 Guerra, B., E. Junker, A. Schroeter, B. Malorny, S. Lehmann, and R. Helmuth. 
2003. Phenotypic and genotypic characterization of antimicrobial resistance in 
German Escherichia coli isolates from cattle, swine and poultry. J. Antimicrob. 
Chemother. 52:489-492. 
 Guerri, M. L., A. Aladuena, A. Echeita, and R. Rotger. 2004. Detection of 
integrons and antibiotic-resistance genes in Salmonella enterica serovar Typhimurium 
isolates with resistance to ampicillin and variable susceptibility to amoxicillin-
clavulanate. Int. J. Antimicrob. Agents. 24:327-333. 
 Guiney, D. G., F. C. Fang, M. Krause, S. Libby, N. A. Buchmeier, and J. Fierer. 
1995. Biology and clinical significance of virulence plasmids in Salmonella serovars. 
Clin. Infect. Dis. 21:S146-151. 
 Gulig, P. A., and R. Curtiss III. 1987. Plasmid-associated virulence of Salmonella 
typhimurium. Infect. Immun. 55:2891–2901. 
 Gulig, P. A., and R. Curtiss III. 1988. Cloning and transposon insertion mutagenesis 
of virulence genes of the 100-kilobase plasmid of Salmonella typhimurium. Infect. 
Immun. 56:3262-3271. 
 Gulig, P. A., H. Danbara, D. G. Guiney, A. J. Lax, F. Norel, and M. Rhen. 1993a. 
Molecular analysis of spv virulence genes of the salmonella virulence plasmids. Mol. 
Microbiol. 7:825-830. 
 Gulig, P. A., and T. J. Doyle. 1993b. The Salmonella typhimurium virulence plasmid 
increases the growth rate of salmonellae in mice. Infect. Immun. 61:504-511. 
 Guth, B. E. C., I. Chinen, E. Miliwebsky, A. M. F. Cerqueira, G. Chillemi, J. R. 
C. Andrade, A. Baschkier, and M. Rivas. 2003. Serotypes and Shiga toxin 
genotypes among Escherichia coli isolated from animals and food in Argentina and 
Brazil. Vet. Microbiol. 92:335-349. 
REFERENCE 
 
  
 
 
280 
 Guthmann, J. P. 1995. Epidemic cholera in Latin America: spread and routes of 
transmission. J. Trop. Med. Hyg. 98:419-427. 
 Hall, R. M., D. E. Brookes, and H. W. Stokes. 1991. Site-specific insertion of genes 
into integrons: role of the 59-base element and determination of the recombination 
cross-over point. Mol. Microbiol. 5:1941-1959. 
 Hall, R. M., and H. W. Stokes. 1993. Integrons: novel DNA elements which capture 
genes by site-specific recombination. Genetica 90:115-132. 
 Hall, R. M., and C. M. Collis. 1995. Mobile gene cassettes and integrons: capture 
and spread of genes by site-specific recombination. Mol. Microbiol. 15:593-600. 
 Hall, R. M. 1997. Mobile gene cassettes and integrons: moving antibiotic resistance 
genes in gram-negative bacteria. Ciba Found. Symp. 207:192-202. 
 Hammerum, A. M., D. Sandvang, S. R. Andersen, A. M. Seyfarth, L. J. Porsbo, 
N. Frimodt-Moller, and O. E. Heuer. 2006. Detection of sul1, sul2 and sul3 in 
sulphonamide resistant Escherichia coli isolates obtained from healthy humans, pork 
and pigs in Denmark. Int. J. Food Microbiol. 106:235 – 237. 
 Han, K. H., S. Y. Choi, J. H. Lee, H. Lee, E. H. Shin, M. D. Agtini, L. von 
Seidlein, R. L. Ochiai, J. D. Clemens, J. Wain, J.-S. Hahn, B. K. Lee, M. Song, J. 
Chun, and D. W. Kim. 2006. Isolation of Salmonella enterica subspecies enterica 
serovar Paratyphi B dT+, or Salmonella Java, from Indonesia and alteration of the d-
tartrate fermentation phenotype by disrupting the ORF STM 3356. J. Med. Microbiol. 
55:1661–1665. 
 Harakeh, S., H. Yassine, M. Gharios, E. Barbour, S. Hajjar, M. El-Fadel, I. 
Toufeili, and R. Tannous. 2005. Isolation, molecular characterization and 
antimicrobial resistance patterns of Salmonella and Escherichia coli isolates from 
meat-based fast food in Lebanon. Sci. Total Environ. 341:33– 44. 
 Harrison, W. A., C. J. Griffith, D. Tennant, and A. C. Peters. 2001. Incidence of 
Campylobacter and Salmonella isolated from retail chicken and associated packaging 
in South Wales. Lett. Appl. Microbiol. 33:450-454. 
 Hart, W. S., M. W. Heuzenroeder, and M. D. Barton. 2004. Antimicrobial 
resistance in Campylobacter spp., Escherichia coli and enterococci associated with 
pigs in Australia. J. Vet. Med., Ser. B 51:216-221. 
 Hartman, A. B., I. I. Essiet, D. W. Isenbarger, and L. E. Linder. 2003. 
Epidemiology of tetracycline resistance determinants in Shigella spp. and 
enteroinvasive Escherichia coli: characterization and dissemination of tet(A)-1. J. 
Clin. Microbiol. 41:1023-1032. 
 Hashimoto, H., K. Mizukoshi, M. Nishi, T. Kawakita, S. Hasui, Y. Kato, U. Ueno, 
R. Takeya, N. Okuda, and T. Takeda. 1999. Epidemic of gastrointestinal tract 
infection including hemorrhagic colitis attributable to shiga toxin 1-producing 
Escherichia coli O118:H2 at a junior high school in Japan. Pediatrics 103:1-5. 
REFERENCE 
 
  
 
 
281 
 Heffernan, E. J., J. Fierer, G. Chikami, and D. Guiney. 1987. Natural history of 
oral Salmonella dublin infection in BALB/c mice: effect of an 80-kilobase-pair 
plasmid on virulence. J. Infect. Dis. 155:1254-1259. 
 Heikkila, E., M. Skurnik, L. Sundstrom, and P. Huovinen. 1993. A novel 
dihydrofolate reductase cassette inserted in an integron borne on a Tn2l-like element. 
Antimicrob. Agents Chemother. 37:1297-1304. 
 Heinitz, M. L., R. D. Ruble, D. E. Wagner, and S. R. Tatini. 2000. Incidence of 
Salmonella in fish and seafood. J. Food Prot. 63:2000. 
 Heitmann, I., L. Jofre, J. C. Hormazabal, A. Olea, C. Vallebuona, and C. Valdes. 
2005. Review and guidelines for treatment of diarrhea caused by Vibrio 
parahaemolyticus. Rev. Chilena Infectol. 22:131-40. 
 Heredia, N., S. Garcia, G. Rojas, and L. Salazar. 2001. Microbiological condition 
of ground meat retailed in Monterrey, Mexico. J. Food Prot. 64:1249-1251. 
 Hervio-Heath, D., R. R. Colwell, A. Derrien, A. Robert-Pillot, J. M. Fournier, and 
M. Pommepuy. 2002. Occurrence of pathogenic vibrios in coastal areas of France. J. 
Appl. Microbiol. 92:1123-1135. 
 Hogan, D., and R. Kolter. 2002. Antimicrobials: Why are bacteria refractory to 
antimicrobials? Curr. Opin. Microbiol. 5:472–477. 
 Hohmann, E. L. 2001. Nontyphoidal salmonellosis. Clin. Infect. Dis. 32:263–269. 
 Holmberg, S. D., M. T. Osterholm, K. A. Senger, and M. L. Cohen. 1984. Drug-
resistant Salmonella from animals fed antimicrobials. N. Engl. J. Med. 311:617-622. 
 Honish, L., I. Zazulak, R. Mahabeer, K. Krywiak, R. Leyland, N. Hislop, and L. 
Chui. 2007. Outbreak of Escherichia coli O157:H7 gastroenteritis associated with 
consumption of beef donairs, Edmonton, Alberta, May-June 2006. Can. Commun. 
Dis. Rep. 33:14-19. 
 Hopkins, K. L., E. Liebana, L. Villa, M. Batchelor, E. J. Threlfall, and A. 
Carattoli. 2006. Replicon typing of plasmids carrying CTX-M or CMY beta-
lactamases circulating among Salmonella and Escherichia coli isolates. Antimicrob. 
Agents Chemother. 50:3203-3206. 
 Hsu, S.-C., T.-H. Chiu, J.-C. Pang, C.-H. Hsuan-Yuan, G.-N. Chang, and H.-Y. 
Tsen. 2006. Characterisation of antimicrobial resistance patterns and class 1 integrons 
among Escherichia coli and Salmonella enterica serovar Choleraesuis strains isolated 
from humans and swine in Taiwan. Int. J. Antimicrob. Agents. 27:383–391. 
 Huang, D. B., and H. L. DuPont. 2004. Enteroaggregative Escherichia coli: An 
emerging pathogen in children. Semin. Pediatr. Infect. Dis. 15:266-271. 
 Huang, D. B., A. Mohanty, H. L. DuPont, P. C. Okhuysen, and T. Chiang. 2006. 
A review of an emerging enteric pathogen: enteroaggregative Escherichia coli. J. 
Med. Microbiol. 55:1303-1311. 
REFERENCE 
 
  
 
 
282 
 Hudson, C. R., C. Quist, M. D. Lee, K. Keyes, S. V. Dodson, C. Morales, S. 
Sanchez, D. G. White, and J. J. Maurer. 2000. Genetic relatedness of Salmonella 
isolates from nondomestic birds in southeastern United States. J. Clin. Microbiol. 
38:1860–1865. 
 Hughes, C., I. A. Gillespie, S. J. O'Brien, and The Breakdowns in Food Safety 
Group. 2007. Foodborne trnasmission of infectious intestinal disease in England and 
Wales, 1992-2003. Food control 18:766-772. 
 Humphrey, T. J., G. C. Mead, and B. Rowe. 1988. Poultry meat as a source of 
human salmonellosis in England and Wales. Epidemiological overview. Epidemiol. 
Infect. 100:175-184. 
 Hunter, J. E., M. Bennett, C. A. Hart, J. C. Shelley, and J. R. Walton. 1994. 
Apramycin-resistant Escherichia coli isolated from pigs and a stockman. Epidemiol. 
Infect. 112:473–480. 
 Huovinen, P., L. Sundstrom, G. Swedberg, and O. Skold. 1995. Trimethoprim and 
sulfonamide resistance. Antimicrob. Agents Chemother. 39:279–289. 
 Imberechts, H., M. De Filette, C. Wray, Y. Jones, C. Godard, and P. Pohl. 1998. 
Salmonella typhimurium phage type DT104 in Belgian livestock. Vet. Rec. 143:424-
425. 
 Inami, G. B., and S. E. Moler. 1999. Detection and isolation of Salmonella from 
naturally contaminated alfalfa seeds following an outbreak investigation. J. Food Prot. 
62:662–664. 
 Isenbarger, D. W., C. W. Hoge, A. Srijan, C. Pitarangsi, N. Vithayasai, L. 
Bodhidatta, K. W. Hickey, and P. D. Cam. 2002. Comparative antibiotic resistance 
of diarrheal pathogens from Vietnam and Thailand, 1996-1999. Emerg. Infect. Dis. 
8:175-180. 
 Itoh, Y., I. Nagano, M. Kunishima, and T. Ezaki. 1997. Laboratory investigation of 
enteroaggregative Escherichia coli O untypeable:H10 associated with a massive 
outbreak of gastrointestinal illness. J. Clin. Microbiol. 35:2546-50. 
 Jafari, A., S. Bouzari, A. Farhoudi-Moghaddam, M. Parsi, and F. Shokouhi. 
1994. In vitro adhesion and invasion of Salmonella enterica serovar Havana. Microb. 
Pathog. 16:65-70. 
 Jaksic, S., S. Uhitil, T. Petrak, D. B azulic, and L. Gumhalter Karolyi. 2002. 
Occurrence of Vibrio spp. in sea fish, shrimps and bivalve molluscs harvested from 
Adriatic sea. Food Control 13:491–493. 
 Janda, M. J., C. Powers, R. Bryant, and S. L. Abbott. 1988. Current perspective on 
the epidemiology and pathogenesis of clinically significant Vibrio spp. Clin. 
Microbiol. Rev. 1:245-267. 
REFERENCE 
 
  
 
 
283 
 Jarrett, P., and M. Stephens. 1990. Plasmid transfer between strains of Bacillus 
thuringiensis infecting Galleria mellonella and Spodoptera littoralis. Appl. Environ. 
Microbiol. 56:1608-1614. 
 Jay, S., F. H. Grau, K. Smith, D. Lightfoot, C. Murray, and G. R. Davey. 1997. 
Salmonella. In Hocking, A. D., G. Arnold, I. Jenson, K. Newton, and P. Sutherland 
(ed.), Foodborne microorganisms of public health significance. AIFST (NSW Branch) 
Food Microbiology Group, Sydney. 
 Johnson, J., and A. L. Stell. 1999. Extended virulence genotypes of Escherichia coli 
strains from patients with urosepsis in relation to phylogeny and host compromise. J. 
Infect. Dis. 181:261-272. 
 Johnson, J. M., A. Rajic, and L. M. McMullen. 2005a. Antimicrobial resistance of 
selected Salmonella isolates from food animals and food in Alberta. Can. Vet. J. 
46:141-146. 
 Johnson, J. R., and T. A. Russo. 2002. Extraintestinal pathogenic Escherichia coli: 
"the other bad E. coli". J. Lab. Clin. Med. 139:155-161. 
 Johnson, J. R., A. C. Murray, A. Gajewski, M. Sullivan, P. Snippes, M. A. 
Kuskowski, and K. E. Smith. 2003a. Isolation and molecular characterization of 
nalidixic acid-resistant extraintestinal pathogenic Escherichia coli from retail chicken 
products. Antimicrob. Agents Chemother. 47: 2161-2168. 
 Johnson, J. R., M. A. Kuskowski, K. Owens, A. Gajewski, and P. L. Winokur. 
2003b. Phylogenetic origin and virulence genotype in relation to resistance to 
fluoroquinolones and/or extended-spectrum cephalosporins and cephamycins among 
Escherichia coli isolates from animals and humans. J. Infect. Dis. 188:759–768. 
 Johnson, J. R., M. A. Kuskowski, K. Smith, T. T. O’Bryan, and S. Tatini. 2005b. 
Antimicrobial-resistant and extraintestinal pathogenic Escherichia coli in retail foods. 
J. Infect. Dis. 191:1040–1049. 
 Jones, G. W., D. K. Rabert, M. Svinarich, and H. J. Whitfield. 1982. Association 
of adhesive, invasive, and virulent phenotypes of Salmonella typhimurium with 
autonomous 60-megadalton plasmids. Infect. Immun. 38:476–486. 
 Jordan, E., J. Egan, C. Dullea, J. Ward, K. McGillicuddy, G. Murray, A. 
Murphy, B. Bradshaw, N. Leonard, P. Rafter, and S. McDowell. 2006. Salmonella 
surveillance in raw and cooked meat and meat products in the Republic of Ireland 
from 2002 to 2004. Int. J. Food Microbiol. 112:66–70. 
 Jorgensen, F., R. Bailey, S. Williams, P. Henderson, D. R. Wareing, F. J. Bolton, 
J. A. Frost, L. Ward, and T. J. Humphrey. 2002. Prevalence and numbers of 
Salmonella and Campylobacter spp. on raw, whole chickens in relation to sampling 
methods. Int. J. Food Microbiol. 76:151-164. 
 Joseph, S. W., R. M. DeBell, and W. P. Brown. 1978. In vitro response to 
chloramphenicol, tetracycline, ampicillin, gentamicin, and beta-lactamase production 
REFERENCE 
 
  
 
 
284 
by halophilic vibrios from human and environmental sources. Antimicrob. Agents 
Chemother. 13:244-248. 
 Kado, C. I., and S. T. Liu. 1981. Rapid procedure for detection and isolation of large 
and small plasmids. J. Bacteriol. 145:1365–1373. 
 Kam, K. M., T. H. Leung, Y. Y. Ho, N. K. Ho, and T. A. Saw. 1995. Outbreak of 
Vibrio cholerae O1 in Hong Kong related to contaminated fish tank water. Public 
Health 109:389-395. 
 Kaneko, T., and R. R. Colwell. 1973. Ecology of V. parahaemolyticus in Chesapeake 
Bay. J. Bacteriol. 113:24-32. 
 Kang, H. Y., Y. S. Jeong, J. Y. Oh, S. H. Tae, C. H. Choi, D. C. Moon, W. K. Lee, 
Y. C. Lee, S. Y. Seol, D. T. Cho, and J. C. Lee. 2005a. Characterization of 
antimicrobial resistance and class 1 integrons found in Escherichia coli isolates from 
humans and animals in Korea. J. Antimicrob. Chemother. 55:639-644. 
 Kang, S.-G., D.-Y. Lee, S.-J. Shin, J.-M. Ahn, and H.-S. Yoo. 2005b. Changes in 
patterns of antimicrobial susceptibility and class 1 integron carriage among 
Escherichia coli isolates. J. Vet. Sci. 6:201–205. 
 Kaper, J. B., G. S. Sayler, M. M. Baldini, and R. R. Colwell. 1977. Ambient-
temperature primary nonselective enrichment for isolation of Salmonella spp. from an 
estuarine environment. Appl. Environ. Microbiol. 33:829-835. 
 Kaper, J. B., J. G. Morris Jr, and M. M. Levine. 1995. Cholera. Clin. Microbiol. 
Rev. 8:48-86. 
 Karaolis, D. K. R., R. Lan, and P. R. Reeves. 1994. Molecular evolution of the 
seventh-pandemic clone of Vibrio cholerae and its relationship to other pandemic and 
epidemic V. cholerae isolates. J. Bacteriol. 176:6199-6206. 
 Karch, H., and M. Bielaszewska. 2001. Sorbitol-fermenting shiga toxin-producing 
Escherichia coli O157:H- strains: epidemiology, phenotypic and molecular 
characteristics, and microbiological diagnosis. J. Clin. Microbiol. 39:2043–2049. 
 Kariuki, S., G. Revathi, N. Kariuki, J. Muyodi, J. Mwituriaa, A. Munyalo, D. 
Kagendo, L. Murungi, and C. A. Hart. 2005. Increasing prevalence of multidrug-
resistant non-typhoidal salmonellae, Kenya, 1994–2003. Int. J. Antimicrob. Agents. 
25:38–43. 
 Kariuki, S., G. Revathi, N. Kariuki, J. Kiiru, J. Mwituria, J. Muyodi, J. W. 
Githinji, D. Kagendo, A. Munyalo, and C. A. Hart. 2006. Invasive multidrug-
resistant non-typhoidal Salmonella infections in Africa: zoonotic or anthroponotic 
transmission? J. Med. Microbiol. 55:585-591. 
 Katouli, M., A. Jaafari, A. A. Farhoudi-Moghaddam, and G. R. Ketabi. 1990. 
Aetiological studies of diarrhoeal diseases in infants and young children in Iran. J. 
Trop. Med. Hyg. 93:22-27. 
REFERENCE 
 
  
 
 
285 
 Kauffmann, F. 1972. Serological diagnosis of Salmonella-species Kauffmann-White-
Schema. Munksgaard, Copenhagen, Denmark. 
 Kaufman, G. E., M. L. Myers, C. L. Pass, A. K. Bej, and C. A. Kaysner. 2002. 
Molecular analysis of Vibrio parahaemolyticus isolated from human patients and 
shellfish during US Pacific north-west outbreaks. Lett. Appl. Microbiol. 34:155-161. 
 Kaysner, C. A., and A. DePaola Jr. 2004. Vibrio. Bacteriological Analytical 
Manual. http://www.cfsan.fda.gov/~ebam/bam-9.html. 
 Kehl, S. C. 2002. Role of the laboratory in the diagnosis of enterohemorrhagic 
Escherichia coli infections. J. Clin. Microbiol. 40:2711–2715. 
 Kelly, M. T., and E. M. D. Stroh. 1988. Temporal relationship of Vibrio 
parahaemolyticus in the patients and the environment. J Clin. Microbiol. 26:1754-
1756. 
 Kennedy, M., R. Villar, D. J. Vugia, T. Rabarsky-Ehr, M. M. Farley, M. Pass, K. 
Smith, P. Sminh, P. R. Cieslak, B. Imhoff, and P. M. Griffin. 2004. 
Hospitalizations and deaths due to Salmonella infections, foodnet, 1996-1999. Clin. 
Infect. Dis. 38:S142-8. 
 Keyes, K., C. Hudson, J. J. Maurer, S. Thayer, D. G. White, and M. D. Lee. 2000. 
Detection of florfenicol resistance genes in Escherichia coli isolated from sick 
chickens. Antimicrob. Agents Chemother. 44:421-424. 
 Khachatourians, G. G. 1998. Agricultural use of antibiotics and the evolution and 
transfer of antibiotic-resistant bacteria. CMAJ 159:1129-1136. 
 Khan, A. A., C.-M. Cheng, K. T. Van, C. S. West, M. S. Nawaz, and S. A. Khan. 
2006. Characterization of class 1 integron resistance gene cassettes in Salmonella 
enterica serovars Oslo and Bareily from imported seafood. J. Antimicrob. Chemother. 
58:1308-1310. 
 Kim, S., B. K. Lee, Y. H. Kang, H. J. Nam, O. Y. Lim, W. S. Seok, and J. K. Park. 
2003. A virulent strain of Salmonella enterica serovar London isolated in infants with 
enteritis traced by active surveillance and molecular epidemiological study. J. Korean 
Med. Sci. 18:325-30. 
 Kivi, M., W. van Pelt , D. Notermans, A. van de Giessen, W. Wannet, and A. 
Bosman. 2005. Large outbreak of Salmonella Typhimurium DT104, the Netherlands, 
September–November 2005. Euro Surveill. 10:E051201.1. 
 Klein, G., and M. Bulte. 2003. Antibiotic susceptibility pattern of Escherichia coli 
strains with verocytotoxic E. coli-associated virulence factors from food and animal 
faeces. Food Microbiol. 20:27-33. 
 Kokjohn, T. A. 1989. Transduction: mechanism and potential for gene transfer in the 
environment, p. 73-97. In Levy, S. B. and R. V. Miller (ed.), Gene transfer in the 
environment. McGraw-Hill, New York. 
REFERENCE 
 
  
 
 
286 
 Koyange, L., G. Ollivier, J.-J. Muyembe, B. Kebela, M. Gouali, and Y. Germani. 
2004. Enterohemorrhagic Escherichia coli O157, Kinshasa. Emerg. Infect. Dis. 
10:968-969. 
 Kuhnert, P., P. Boerlin, and J. Frey. 2000. Target genes for virulence assessment of 
Escherichia coli isolates from water, food and the environment. FEMS Microbiol. 
Rev. 24:107-117. 
 Kumai, Y., Y. Suzuki, Y. Tanaka, K. Shima, R. K. Bhadra, S. Yamasaki, K. 
Kuroda, and G. Endo. 2005. Characterization of multidrug-resistance phenotypes 
and genotypes of Escherichia coli strains isolated from swine from an abattoir in 
Osaka, Japan. Epidemiol. Infect. 133:59-70. 
 Kumar, S. H., S. K. Otta, I. Karunasagar, and I. Karunasagar. 2001. Detection of 
Shiga-toxigenic Escherichia coli (STEC) in fresh seafoodand meat marketed in 
Mangalore, India by PCR. Letters in Applied Microbiology 33:334-338. 
 Kumar, S. H., R. Sunil, M. N. Venugopal, I. Karunasagar, and I. Karunasagar. 
2003. Detection of Salmonella spp. in tropical seafood by polymerase chain reaction. 
Int. J. Food Microbiol. 88:91-95. 
 Lanz, R., P. Kuhnert, and P. Boerlin. 2003. Antimicrobial resistance and resistance 
gene determinants in clinical Escherichia coli from different animal species in 
Switzerland. Vet. Microbiol. 91:73-84. 
 Larsson, M., G. Kronvall, N. T. Chuc, I. Karlsson, F. Lager, H. D. Hanh, G. 
Tomson, and T. Falkenberg. 2000. Antibiotic medication and bacterial resistance to 
antibiotics: a survey of children in a Vietnamese community. Trop. Med. Int. Health. 
5:711-721. 
 Larsson, M. 2003. Antibiotic use and resistance: assessing and improving utilisation 
and provision of antibiotics and other drugs in Vietnam. Karolinska University Press, 
Stockholm. 
 Lee, M. D., S. Sanchez, M. Zimmer, U. Idris, M. E. Berrang, and P. F. 
McDermott. 2002. Class 1 integron-associated tobramycin-gentamicin resistance in 
Campylobacter jejuni isolated from the broiler chicken house environment. 
Antimicrob. Agents Chemother. 46:3660–3664. 
 Lee, R. J., and O. C. Morgan. 2003. Environmental factors influencing the 
microbiological contamination of commercially harvested shellfish. Water Sci. 
Technol. 47:65-70. 
 Lee, W. C., M. J. Lee, J. S. Kim, and S. Y. Park. 2001. Foodborne illness outbreaks 
in Korea and Japan studied retrospectively. J. Food Prot. 64:899-902. 
 Legnani, P., E. Leoni, D. Lev, R. Rossi, G. C. Villa, and P. Bisbini. 1998. 
Distribution of indicator bacteria and bacteriophages in shellfish and shellfish-growing 
waters. J. Appl. Microbiol. 85:790-798. 
REFERENCE 
 
  
 
 
287 
 Leverstein-van Hall, M. A., A. Paauw, A. T. A. Box, H. E. M. Blok, J. Verhoef, 
and A. C. Fluit. 2002b. Presence of integron-associated resistance in the community 
is widespread and contributes to multidrug resistance in the hospital. J. Clin. 
Microbiol. 40:3038–3040. 
 Levesque, C., L. Piche, C. Larose, and P. H. Roy. 1995. PCR mapping of integrons 
reveals several novel combinations of resistance genes. Antimicrob. Agents 
Chemother. 39:185-191. 
 Levine, M. M. 1987. Escherichia coli that cause diarrhea: enterotoxigenic, 
enteropathogenic, enteroinvasive, enterohemorrhagic, and enteroadherent. J. Infect. 
Dis. 155:377-389. 
 Levine, M. M., C. Ferreccio, V. Prado, M. Cayazzo, P. Abrego, J. Martinez, L. 
Maggi, M. M. Baldini, W. Martin, D. Maneval, B. Kay, L. Guers, H. Lior, S. S. 
Wasserman, and J. P. Nataro. 1993a. Epidemiologic studies of Escherichia coli 
diarrheal infections in a low socioeconomic level peri-urban community in Santiago, 
Chile. Am. J. Epidemiol. 138:849–869. 
 Levine, M. M. 2003. Typhoid fever, p. 839-858. In Evans, A. S. and P. S. Brachman 
(ed.), Bacterial infections of humans: epidemiology and control, 3 ed. Plenum Medical 
Book Company, New York. 
 Levine, W. C., and P. M. Griffin. 1993b. Vibrio infections on the Gulf Coast: results 
of first year of regional surveillance. Gulf Coast Vibrio Working Group. J. Infect. Dis. 
167:479-483. 
 Levings, R. S., D. Lightfoot, S. R. Partridge, R. M. Hall, and S. P. Djordjevic. 
2005a. The genomic island SGI1, containing the multiple antibiotic resistance region 
of Salmonella enterica serovar Typhimurium DT104 or variants of it, is widely 
distributed in other S. enterica serovars. J. Bacteriol. 187:4401-4409. 
 Levings, R. S., S. R. Partridge, D. Lightfoot, R. M. Hall, and S. P. Djordjevic. 
2005b. New integron-associated gene cassette encoding a 3-N-aminoglycoside 
acetyltransferase. Antimicrob. Agents Chemother. 49:1238–1241. 
 Levings, R. S., S. R. Partridge, S. P. Djordjevic, and R. M. Hall. 2007. SGI1-K, a 
variant of the SGI1 genomic island carrying a mercury resistance region, in 1 
Salmonella enterica serovar Kentucky. Antimicrob. Agents Chemother. 51:317-323. 
 Levy, S. B., G. B. FitzGerald, and A. B. Macone. 1976. Spread of antibiotic-
resistant plasmids from chicken to chicken and from chicken to man. Nature 260:40-
42. 
 Li, X., L. Shi, W. Yang, L. Li, and S. Yamasaki. 2006. New array of aacA4-catB3-
dfrA1 gene cassettes and a noncoding cassette from a class-1-integron-positive clinical 
strain of Pseudomonas aeruginosa. Antimicrob. Agents Chemother. 50:2278–2279. 
 Li, X.-Z. 2005a. Quinolone resistance in bacteria: emphasis on plasmid-mediated 
mechanisms. Int. J. Antimicrob. Agents. 25:453-463. 
REFERENCE 
 
  
 
 
288 
 Li, Z. P., H. C. Liu, and Q. Liu. 2005b. Relationship between antibiotic resistance 
and integrons of Escherichia coli isolated from food. Sichuan Da Xue Xue Bao Yi 
Xue Ban 36:400-403. 
 Libby, S. J., L. G. Adams, T. A. Ficht, C. Allen, H. A. Whitford, N. A. Buchmeier, 
S. Bossie, and D. G. Guiney. 1997. The spv genes on the Salmonella dublin virulence 
plasmid are required for severe enteritis and systemic infection in the natural host. 
Infect. Immun. 65:1786-1792. 
 Liebana, E., D. Guns, L. Garcia-Migura, M. J. Woodward, F. A. Clifton-Hadley, 
and R. H. Davies. 2001. Molecular typing of Salmonella serotypes prevalent in 
animals in England: assessment of methodology. J. Clin. Microbiol. 39:3609-3616. 
 Lindqvist, R., Y. Andersson, B. de Jong, and P. Norberg. 2000. A summary of 
reported foodborne disease incidents in Sweden, 1992 to 1997. J. Food Prot. 63:1315-
1320. 
 Lindstedt, B. A., E. Heir, I. Nygard, and G. Kapperud. 2003. Characterization of 
class I integrons in clinical strains of Salmonella enterica subsp. enterica serovars 
Typhimurium and Enteritidis from Norwegian hospitals. J. Med. Microbiol. 52:141–
149. 
 Livermore, D. M. 1995. Beta-lactamases in laboratory and clinical resistance. Clin. 
Microbiol. Rev. 8:557-584. 
 Luby, S. P., M. K. Faizan, S. P. Fisher-Hoch, A. Syed, E. D. Mintz, Z. A. Bhutta, 
and J. B. Mccormick. 1998. Risk factors for typhoid fever in an endemic setting, 
Karachi, Pakistan. Epidemiol. Infect. 120:129-138. 
 Luque, A., M. A. Morinigo, C. Rodriguez-Avial, J. J. Picazo, and J. J. Borrego. 
1994. Microbial drug resistance and the presence of plasmids in Salmonella strains 
isolated from different sources. Enferm. Infecc. Microbiol. Clin. 12:187-192. 
 Lynch, M., J. Painter, R. Woodruff, and C. Braden. 2006. Surveillance for 
foodborne-disease outbreaks-United States, 1998-2002. Morb. Mortal. Wkly. Rep. 
55:1-34. 
 MacDonald, D. M., M. Fyfe, A. Paccagnella, A. Trinidad, K. Louie, and D. 
Patrick. 2004. Escherichia coli O157:H7 outbreak linked to salami, British Columbia, 
Canada, 1999. Epidemiol. Infect. 132:283-289. 
 MacDonald, K. L., M. Eidson, C. Strohmeyer, M. E. Levy, J. G. Wells, N. D. 
Puhr, K. Wachsmuth, N. T. Hargrett, and M. L. Cohen. 1985. A multistate 
outbreak of gastrointestinal illness caused by enterotoxigenic Escherichia coli in 
imported semisoft cheese. J. Infect. Dis. 151:716–720. 
 Madsen, L., F. M. Aarestrup, and J. E. Olsen. 2000. Characterisation of 
streptomycin resistance determinants in Danish isolates of Salmonella Typhimurium. 
Vet. Microbiol. 75:73-82. 
REFERENCE 
 
  
 
 
289 
 Maguire, H. C., A. A. Codd, V. E. Mackay, B. Rowe, and E. Mitchell. 1993. A 
large outbreak of human salmonellosis traced to a local pig farm. Epidemiol. Infect. 
110:239-246. 
 Malorny, B., A. Schroeter, and R. Helmuth. 1999. Incidence of quinolone resistance 
over the period 1986 to 1998 in veterinary Salmonella isolates from Germany. 
Antimicrob. Agents Chemother. 43:2278-2282. 
 Maloy, S. R., V. J. Stewart, and R. K. Taylor. 1996. Genetic analysis of pathogenic 
bacteria: A laboratory manual. Cold spring harbor laboratory press, New York. 
 Mammeri, H., M. Van De Loo, L. Poirel, L. Martinez-Martinez, and P. 
Nordmann. 2005. Emergence of plasmid-mediated quinolone resistance in 
Escherichia coli in Europe. Antimicrob. Agents Chemother. 49:71-76. 
 Manie, T., S. Khan, V. S. Brözel, W. J. Veith, and P. A. Gouws. 1998. 
Antimicrobial resistance of bacteria isolated from slaughtered and retail chickens in 
South Africa. Lett. Appl. Microbiol. 26:253-258. 
 Mann, B. A., and J. M. Slauch. 1997. Transduction of low-copy number plasmids by 
bacteriophage P22. Genetics 146:447-456. 
 Marier, R., J. G. Wells, R. C. Swanson, W. Dallhan, and I. J. Mehlman. 1973. An 
outbreak of enteropathogenic Escherichia coli foodborne disease traced to imported 
french cheese. Lancet 2:1376–1378. 
 Martel, J.-L., F. Tardy, A. Brisabois, R. Lailler, M. Coudert, and E. Chaslus-
Dancla. 2000. The French antibiotic resistance monitoring programs. Int. J. 
Antimicrob. Agents. 14:275–283. 
 Martinez-Freijo, P., A. C. Fluit, F.-J. Schmitz, J. Verhoef, and M. E. Jones. 1999. 
Many class I integrons comprise distinct stable structures occurring in different 
species of Enterobacteriaceae isolated from widespread geographic regions in Europe. 
Antimicrob. Agents Chemother. 43:686–689. 
 Martinez-Urtaza, J., M. Saco, G. Hernandez-Cordova, A. Lozano, O. Garcia-
Martin, and J. Espinosa. 2003. Identification of Salmonella serovars isolated from 
live molluscan shellfish and their significance in the marine environment. J. Food Prot. 
66:226-232. 
 Martinez-Urtaza, J., E. Liebana, L. Garcia-Migura, P. Perez-Pineiro, and M. 
Saco. 2004. Characterization of Salmonella enterica serovar Typhimurium from 
marine environments in coastal waters of Galicia (Spain). Appl. Environ. Microbiol. 
70:4030–4034. 
 Matsui, H., C. M. Bacot, W. A. Garlington, T. J. Doyle, S. Roberts, and P. A. 
Gulig. 2001. Virulence plasmid-borne spvB and spvC genes can replace the 90-
kilobase plasmid in conferring virulence to Salmonella enterica serovar Typhimurium 
in subcutaneously inoculated mice. J. Bacteriol. 183:4652–4658. 
REFERENCE 
 
  
 
 
290 
 Matsumoto, C., J. Okuda, M. Ishibashi, M. Iwanaga, P. Garg, T. Rammamurthy, 
H.-C. Wong, A. Depaola, Y. B. Kim, M. J. Albert, and M. Nishibuchi. 2000. 
Pandemic spread of an O3:K6 clone of Vibrio parahaemolyticus and emergence of 
related strains evidenced by arbitrarily primed PCR and toxRS sequence analyses. J. 
Clin. Microbiol. 38: 578–585. 
 Maynard, C., S. Bekal, F. Sanschagrin, R. C. Levesque, R. Brousseau, L. Masson, 
S. Lariviere, and J. Harel. 2004. Heterogeneity among virulence and antimicrobial 
resistance gene profiles of extraintestinal Escherichia coli isolates of animal and 
human origin. J. Clin. Microbiol. 42:5444–5452. 
 Mazel, D., and J. Davies. 1999. Antibiotic resistance in microbes. Cell. Mol. Life Sci. 
56:742-754. 
 Mazel, D., B. Dychinco, V. A. Webber, and J. Davies. 2000. Antibiotic resistance in 
the ECOR collection: integrons and identufication of a novel aad gene. Antimicrob. 
Agents Chemother. 44:1568-1574. 
 McCarthy, T. A., N. L. Barrett, J. L. Hadler, B. Salsbury, R. T. Howard, D. W. 
Dingman, C. D. Brinkman, W. F. Bibb, and M. L. Cartter. 2001. Hemolytic-
uremic syndrome and Escherichia coli O121 at a lake in Connecticut, 1999. Pediatrics 
108:1-7. 
 McDonald, L. C., F.-J. Chen, H.-J. Lo, H.-C. Yin, P.-L. Lu, C.-H. Huang, P. 
Chen, T.-L. Lauderdale, and M. Ho. 2001. Emergence of reduced susceptibility and 
resistance to fluoroquinolones in Escherichia coli in Taiwan and contributions of 
distinct selective pressures. Antimicrob. Agents Chemother. 45:3084-3091. 
 McDougal, L. K., C. D. Steward, G. E. Killgore, J. M. Chaitram, S. K. 
McAllister, and F. C. Tenover. 2003. Pulsed-field gel electrophoresis typing of 
oxacillin-resistant Staphylococcus aureus isolates from the United States: establishing 
a national database. J. Clin. Microbiol. 41:5113-5120. 
 McEwen, S. A., and P. J. Fedorka-Cray. 2002. Antimicrobial use and resistance in 
animals. Clin. Infect. Dis. 34:S93–106. 
 McLaughlin, J. B., A. DePaola, C. A. Bopp, K. A. Martinek, N. P. Napolilli, C. G. 
Allison, S. L. Murray, E. C. Thompson, M. M. Bird, and J. P. Middaugh. 2005. 
Outbreak of Vibrio parahaemolyticus gastroenteritis associated with Alaskan oysters. 
N. Engl. J. Med. 353:1463-1470. 
 Mead, P. S., L. Slutsker, V. Dietz, L. F. McCaig, J. S. Bresee, C. Shapiro, P. M. 
Griffin, and R. V. Tauxe. 1999. Food-related illness and death in the United States. 
Emerg. Infect. Dis. 5:607-625. 
 Meng, J., S. Zhao, M. P. Doyle, and S. W. Joseph. 1998. Antibiotic resistance of 
Escherichia coli O157:H7 and O157:NM isolated from animals, food, and humans. J. 
Food Prot. 61:1511-1514. 
REFERENCE 
 
  
 
 
291 
 Meng, J., M. P. Doyle, T. Zhao, and S. Zhao. 2001. Enterohemorrhagic Escherichia 
coli, p. 193-213. In Doyle, M. P., M. P. Beuchat, and T. J. Montville (ed.), Food 
microbiology: Fundamentals and frontiers. ASM Press, Washington D. C. 
 Meng, J., and M. P. Doyle. 2002. Introduction. Microbiological food safety. 
Microbes Infect. 4:395-397. 
 Merican, I. 1997. Typhoid fever: present and future. Med. J. Malaysia 52:299-308. 
 Merson, M. H., G. K. Morris, D. A. Sack, J. G. Wells, J. C. Feeley, R. B. Sack, W. 
B. Creech, A. Z. Kapikian, and E. Gangarosa. 1976. Travelers’ diarrhea in Mexico. 
A prospective study of physicians and family members attending a congress. N. Engl. 
J. Med. 294:1299–1305. 
 Meunier, D., D. Boyd, M. R. Mulvey, S. Baucheron, C. Mammina, A. Nastasi, E. 
Chaslus-Dancla, and A. Cloeckaert. 2002. Salmonella enterica serotype 
Typhimurium DT 104 antibiotic resistance genomic island I in serotype Paratyphi B. 
Emerg. Infect. Dis. 8:430-433. 
 Michael, G. B., M. Cardoso, and S. Schwarz. 2005. Class 1 integron-associated 
gene cassettes in Salmonella enterica subsp. enterica serovar Agona isolated from pig 
carcasses in Brazil. J. Antimicrob. Chemother. 55:776–779. 
 Michino, H., K. Araki, S. Minami, S. Takaya, N. Sakai, M. Miyazaki, A. Ono, 
and H. Yanagawa. 1999. Massive outbreak of Escherichia coli O157: H7 infection in 
schoolchildren in Sakai City, Japan, associated with consumption of white radish 
sprouts. Am. J. Epidemiol. 150:787-796. 
 Miko, A., K. Pries, A. Schroeter, and R. Helmuth. 2005. Molecular mechanisms of 
resistance in multidrug-resistant serovars of Salmonella enterica isolated from foods 
in Germany. J. Antimicrob. Chemother. 56:1025-1033. 
 Miriagou, V., R. Filip, G. Coman, and L. S. Tzouvelekis. 2002. Expanded-spectrum 
cephalosporin-resistant Salmonella strains in Romania. J. Clin. Microbiol. 40:4334-
4336. 
 Miriagou, V., A. Carattoli, and S. Fanning. 2006. Antimicrobial resistance islands: 
resistance gene clusters in Salmonella chromosome and plasmids. Microbes Infect. 
8:1923-1930. 
 Mirza, S., S. Kariuki, K. Z. Mamun, N. J. Beeching, and C. A. Hart. 2000. 
Analysis of plasmid and chromosomal DNA of multidrug-resistant Salmonella 
enterica serovar Typhi from Asia. J. Clin. Microbiol. 38:1449-1452. 
 Mitema, E. S., G. M. Kikuvi, H. C. Wegener, and K. Stohr. 2001. An assessment 
of antimicrobial consumption in food producing animals in Kenya. J. Vet. Pharmacol. 
Therap. 24:385-390. 
 Mitsuda, T., T. Muto, M. Yamada, N. Kobayashi, M. Toba, Y. Aihara, A. Ito, and 
S. Yokota. 1998. Epidemiological study of a food-borne outbreak of enterotoxigenic 
REFERENCE 
 
  
 
 
292 
Escherichia coli O25:NM by pulsed-field gel electrophoresis and randomly amplified 
polymorphic DNA analysis. J. Clin. Microbiol. 36:652-656. 
 Mmolawa, P. T., R. Willmore, C. J. Thomas, and M. W. Heuzenroeder. 2002. 
Temperate phages in Salmonella enterica serovar Typhimurium: implications for 
epidemiology. Int. J. Med. Microbiol. 291:633-644. 
 Mohamed Hatha, A. A., and P. Lakshmanaperumalsamy. 1997. Prevalence of 
Salmonella in fish and crustaceans from markets in Coimbatore, South India. Food 
microbiol. 14:111-116. 
 Molbak, K., D. L. Baggesen, F. M. Aarestrup, J. M. Ebbesen, J. Engberg, K. 
Frydendahl, P. Gerner-Smidt, A. M. Petersen, and H. C. Wegener. 1999. An 
outbreak of multidrug-resistant, quinolone-resistant Salmonella enterica serotype 
typhimurium DT104. N. Engl. J. Med. 341:1420-1425. 
 Molbak, K. 2004. Spread of resistant bacteria and resistance genes from animals to 
humans –the public health consequences. J. Vet. Med. ser. B 51:364–369. 
 Mora, A., J. E. Blanco, M. Blanco, M. P. Alonso, G. Dhabi, A. Echeita, E. A. 
Gonzalez, M. I. Bernardez, and J. Blanco. 2005. Antimicrobial resistance of Shiga 
toxin (verotoxin)-producing Escherichia coli O157:H7 and non-O157 strains isolated 
from humans, cattle, sheep and food in Spain. Res. Microbiol. 156:793-806. 
 Morabito, S., R. Tozzoli, A. Caprioli, H. Karch, and A. Carattoli. 2002. Detection 
and characterization of class 1 integrons in enterohemorrhagic Escherichia coli. 
Microb. Drug Resist. 8:85-91. 
 Morris Jr, J. G., and R. E. Black. 1985. Cholera and other vibrioses in the United 
States. N. Engl. J. Med. 312:343-350. 
 Mukhopadhyay, A. K., S. Garg, R. Mitra, A. Basu, K. Rajendran, D. Dutta, S. K. 
Bhattacharya, T. Shimada, T. Takeda, Y. Takeda, and G. B. Nair. 1996. Temporal 
shifts in traits of Vibrio cholerae strains isolated from hospitalized patients in 
Calcutta: a 3-year (1993 to 1995) analysis. J. Clin. Microbiol. 34:2537–2543. 
 Mulvey, M. R., D. A. Boyd, A. B. Olson, B. Doublet, and A. Cloeckaert. 2006. The 
genetics of Salmonella genomic island 1. Microbes Infect. 8:1915-1922. 
 Murray, B. E., and S. L. Hodel-Christian. 1991. Bacterial resistance: theoretical and 
practical considerations, mutations to antibiotic resistance, characterization of R 
plasmids, and detection of plasmid-specified genes, p. 556-593. In Victor Lorian, M. 
D. (ed.), Antibiotics in laboratory medicine, 3 ed. Williams & Wilkins, London. 
 Musto, J., M. Kirk, D. Lightfoot, B. G. Combs, and L. Mwanri. 2006. Multi-drug 
resistant Salmonella Java infections acquired from tropical fish aquariums, Australia, 
2003–04. Commun. Dis. Intell. 30:222–227. 
 Naas, T., Y. Mikami, T. Imai, L. Poirel, and P. Nordmann. 2001. Characterization 
of In53, a class 1 plasmid- and composite transposon-located integron of Escherichia 
coli which carries an unusual array of gene cassettes. J. Bacteriol. 183:235-249. 
REFERENCE 
 
  
 
 
293 
 Nakamura, M., S. Sato, T. Ohya, S. Suzuki, and S. Ikeda. 1985. Possible 
relationship of a 36-megadalton Salmonella enteritidis plasmid to virulence in mice. 
Infect. Immun. 47:831-833. 
 Nakasone, N., H. H. Tran, M. B. Nguyen, N. Higa, C. Toma, T. Song, Y. Ichinose, 
and M. Iwanaga. 2005. Isolation of Escherichia Coli O157:H7 from fecal samples of 
cows in Vietnam. Am. J. Trop. Med. Hyg. 73:586–587. 
 Nastasi, A., and C. Mammina. 2001. Presence of class I integrons in multidrug-
resistant, low-prevalence Salmonella serotypes, Italy. Emerg. Infect. Dis. 7:455-458. 
 Nataro, J. P., J. B. Kaper, R. Robins-Browne, V. Prado, P. Vial, and J. F. Levine. 
1987. Patterns of adherence of diarrheagenic Escherichia coli to HEp-2 cells. Pediatr. 
Infect. Dis. J. 6:829–831. 
 Nataro, J. P., and J. B. Kaper. 1998a. Diarrheagenic Escherichia coli. Clin. 
Microbiol. Rev. 11:142-201. 
 Nataro, J. P., T. Steiner, and R. L. Guerrant. 1998b. Enteroaggregative Escherichia 
coli. Emerg. Infect. Dis. 4:251-261. 
 Nayak, R., T. Stewart, R.-F. Wang, J. Lin, C. E. Cerniglia, and P. B. Kenney. 
2004. Genetic diversity and virulence gene determinants of antibiotic-resistant 
Salmonella isolated from preharvest turkey production sources. Int. J. Food Microbiol. 
91:51-62. 
 NCCLS. 2004. Performance standards for antimicrobial disk and dilution 
susceptibility tests for bacteria isolated from animals; Approved standard-second 
edition. NCCLS document M31-A2.  National Commitee for Clinical Laboratory 
Standards, Wayne, PA. 
 Ng, L.-K., M. R. Mulvey, I. Martin, G. A. Peters, and W. Johnson. 1999. Genetic 
characterization of antimicrobial resistance in Canadian isolates of Salmonella serovar 
Typhimurium DT104. Antimicrob. Agents Chemother. 43:3018–3021. 
 Nguyen, B. M., D. C. Phung, N. Nakasone, C. Toma, N. Higa, S. Iyoda, and M. 
Iwanaga. 2004a. Shiga-toxin producing Escherichia coli in Vietnam. Trop. Med.  
Health 32:339-341. 
 Nguyen, Q. C., P. Everest, T. K. Tran, D. House, S. Murch, C. Parry, P. 
Connerton, P. V. Bay, S. D. To, P. Mastroeni, N. J. White, T. H. Tran, V. H. Vo, 
G. Dougan, J. J. Farrar, and J. Wain. 2004b. A clinical, microbiological, and 
pathological study of intestinal perforation associated with typhoid fever. Clin. Infect. 
Dis. 39:61-67. 
 Nguyen, T. H. L. 2004c. Optimization procedures and applications of FPT method to 
determine antibiotic residues in meat, egg, and milk. Report to HCM city Department 
of Science, Technology and Environment and National Center II of Veterinary 
Hygiene Testing. (in Vietnamese). 
REFERENCE 
 
  
 
 
294 
 Nguyen, T. V., P. V. Le, C. H. Le, and A. Weintraub. 2005a. Antibiotic resistance 
in diarrheagenic Escherichia coli and Shigella strains isolated from children in 
Hanoi,Vietnam. Antimicrob. Agents Chemother. 49:816-819. 
 Nguyen, T. V., P. L. Van, C. L. Huy, K. N. Gia, and A. Weintraub. 2005b. 
Detection and characterization of diarrheagenic Escherichia coli from young children 
in Hanoi, Vietnam. J. Clin. Microbiol. 43:755-760. 
 Nguyen, T. V., P. L. Van, C. L. Huy, K. N. Gia, and A. Weintraub. 2006. Etiology 
and epidemiology of diarrhea in children in Hanoi, Vietnam. Int. J. Infect. Dis. 
10:298-308. 
 Niewerth, U., A. Frey, T. Voss, C. L. Bougue'nec, G. Baljer, S. Franke, and M. A. 
Schmidt. 2001. The AIDA autotransporter system is associated with F18 and Stx2e in 
Escherichia coli isolates from pigs diagnosed with edema disease and postweaning 
diarrhea. Clin. Diagn. Lab. Immunol. 8:143-149. 
 NMKL. 1991. Salmonella bacteria, detection in foods. NMKL method No. 71., 4th 
edition. 
 NMKL. 1996. Thermotolerant coliform bacteria. Enumeration in foods. NMKL 
method No. 125, 3 rd ed. 
 Noamani, B. N., J. M. Fairbrother, and C. L. Gyles. 2003. Virulence genes of O149 
enterotoxigenic Escherichia coli from outbreaks of postweaning diarrhea in pigs. Vet. 
Microbiol. 97:87-101. 
 Nogrady, N., I. Gado, A. Toth, and J. Paszti. 2005. Antibiotic resistance and class 1 
integron patterns of non-typhoidal human Salmonella serotypes isolated in Hungary in 
2002 and 2003. Int. J. Antimicrob. Agents. 26:126–132. 
 Nogrady, N., J. Paszti, H. Piko, and B. Nagy. 2006. Class 1 integrons and their 
conjugal transfer with and without virulence-associated genes in extra-intestinal and 
intestinal Escherichia coli of poultry. Avian Pathol. 35:349-356. 
 Norazah, A., I. Rahizan, T. Zainuldin, M. Rohani, and A. Kamel. 1998. 
Enteropathogenic Escherichia coli in raw and cooked food. Southeast Asian J. Trop. 
Med. Public Health 29:91-93. 
 Nordmann, P., and L. Poirel. 2005. Emergence of plasmid-mediated resistance to 
quinolones in Enterobacteriaceae. J. Antimicrob. Chemother. 56:463-469. 
 Normanno, G., A. Parisi, N. Addante, N. C. Quaglia, A. Dambrosio, C. 
Montagna, and D. Chiocco. 2006. Vibrio parahaemolyticus, Vibrio vulnificus and 
microorganisms of fecal origin in mussels (Mytilus galloprovincialis) sold in the 
Puglia region (Italy). Int. J. Food Microbiol. 106:219 – 222. 
 Normark, B. H., and S. Normark. 2002. Evolution and spread of antibiotic 
resistance. J. Intern. Med. 252:91–106. 
 O’Brien, T. F., J. D. Hopkins, E. S. Gilleece, A. A. Medeiros, R. L. Kent, B. O. 
Blackburn, M. B. Holmes, J. P. Reardon, J. M. Vergeront, W. L. Schell, E. 
REFERENCE 
 
  
 
 
295 
Christenson, M. L. Bissett, and E. V. Morse. 1982. Molecular epidemiology of 
antibiotic resistance in salmonella from animals and human beings in the United 
States. N. Engl. J. Med. 307:1-6. 
 O’Brien, T. F. 2002. Emergence, spread, and environmental effect of antimicrobial 
resistance: how use of an antimicrobial anywhere can increase resistance to any 
antimicrobial anywhere else. Clin. Infect. Dis. 34:S78–84. 
 O’Grady, F., H. P. Lambert, R. G. Finch, and D. Greenwood. 1997. Antibiotic and 
chemotherapy: anti-infective agents and their use in therapy, 7 ed. Churchill 
Livingstone, New York. 
 Okuda, J., M. Ishibashi, S. L. Abbott, J. M. Janda, and M. Nishibuchi. 1997. 
Analysis of the thermostable direct hemolysin (tdh) gene and the tdh-related 
hemolysin (trh) genes in urease-positive strains of Vibrio parahaemolyticus isolated 
on the West Coast of the United States. J. Clin. Microbiol. 35:1965–1971. 
 Olah, P. A., J. S. Sherwood, and C. M. Logue. 2005. Molecular analysis of 
Salmonella isolates recovered from processed Turkey carcasses. J. Food. Prot. 68:845-
849. 
 Oliver, J. D., and J. B. Kaper. 2001. Vibrio species, p. 263-300. In Doyle, M. P., L. 
R. Beuchat, and T. J. Montville (ed.), Food microbiology: Fundamentals and frontiers. 
ASM Press, Washington, D. C. 
 Olorunshola, I. D., S. I. Smith, and A. O. Cker. 2000. Prevalence of EHEC 
O157:H7 in patients with diarrhoea in Lagos, Nigeria. APMIS 108:761–763. 
 Olsvik, O., Y. Wasteson, A. Lund, and E. Homes. 1991. Pathogenic Escherichia 
coli found in food. Int. J. Food Microbiol. 12:103-114. 
 On, S. L., and D. L. Baggesen. 1997. Determination of clonal relationship of 
Salmonella typhimurium by numerical analysis of macrorestriction profiles. J. Appl. 
Mirobiol. 83:699-706. 
 Orbach, M. J., and E. N. Jackson. 1982. Transfer of chimeric plasmids among 
Salmonella typhimurium strains by P22 transduction. J. Bacteriol. 149:985-994. 
 Orman, B. E., S. A. Pineiro, S. Arduino, M. Galas, R. Melano, M. I. Caffer, D. O. 
Sordelli, and D. Centro´n. 2002. Evolution of multiresistance in nontyphoid 
Salmonella serovars from 1984 to 1998 in Argentina. Antimicrob. Agents Chemother. 
46:3963–3970. 
 Orskov, F., and I. Orskov. 1992. Escherichia coli serotyping and disease in man and 
animals. Can. J. Microbiol. 38:699-704. 
 Osek, J., P. Gallien, M. Truszczynski, and D. Protz. 1999. The use of polymerase 
chain reaction for determination of virulence factors of Escherichia coli strains 
isolated from pigs in Poland. Comp. Immunol. Microbiol. Infect. Dis. 22:163-174. 
 Osek, J. 2003. Identification of the astA gene in enterotoxigenic  Escherichia coli 
strains responsible for diarrhea in pigs. Bull. Vet. Inst. Pulawy 47:9-15. 
REFERENCE 
 
  
 
 
296 
 Ottaviani, D., I. Bacchiocchi, L. Masini, F. Leoni, A. Carraturo, M. Giammarioli, 
and G. Sbaraglia. 2001. Antimicrobial susceptibility of potentially pathogenic 
halophilic vibrios isolated from seafood. Int. J. Antimicrob. Agents. 18:135-140. 
 Ou, J. T., L. S. Baron, X. Y. Dai, and C. A. Life. 1990. The virulence plasmids of 
Salmonella serovars typhimurium, choleraesuis, dublin, and enteritidis, and the cryptic 
plasmids of Salmonella serovars copenhagen and sendai belong to the same 
incompatibility group, but not those of Salmonella serovars durban, gallinarum, give, 
infantis and pullorum. Microb. Pathog. 8:101-7. 
 Ou, J. T., and L. S. Baron. 1991. Strain differences in expression of virulence by the 
90 kilobase pair virulence plasmid of Salmonella serovar Typhimurium. Microb. 
Pathog. 10:247-251. 
 Padungtod, P., and J. B. Kaneene. 2006. Salmonella in food animals and humans in 
northern Thailand. Int. J. Food Microbiol. 108:346-354. 
 Pangloli, P., Y. Dje, S. P. Oliver, A. Mathew, D. A. Golden, W. J. Taylor, and F. 
A. Draughon. 2003. Evaluation of methods for recovery of Salmonella from dairy 
cattle, poultry, and swine farms. J. Food Prot. 66:1987-1995. 
 Parma, A. E., M. E. Sanz, J. E. Blanco, J. Blanco, M. R. Viñas, M. Blanco, N. L. 
Padola, and A. I. Etcheverría. 2000. Virulence genotypes and serotypes of 
verotoxigenic Escherichia coli isolated from cattle and foods in Argentina. Eur. J. 
Epidemiol. 18:757-762. 
 Parry, C. M., T. H. Tran, G. Dougan, N. J. White, and J. J. Farrar. 2002. Typhoid 
fever. N. Engl. J. Med. 347:1770-1782. 
 Paton, A. W., and J. C. Paton. 2002. Direct detection and chracterization of Shiga 
toxigenic Escherichia coli by multiplex PCR for stx1, stx2, eae, ehxA and saa. J. Clin. 
Microbiol. 40:271-274. 
 Paton, J. C., and A. W. Paton. 1998. Pathogenesis and diagnosis of Shiga toxin-
producing Escherichia coli infections. Clin. Microbiol. Rev. 11: 445–479. 
 Peirano, G., Y. Agerso, F. M. Aarestrup, E. M. dos Reis, and D. dos Prazeres 
Rodrigues. 2006. Occurrence of integrons and antimicrobial resistance genes among 
Salmonella enterica from Brazil. J. Antimicrob. Chemother. 58:305-309. 
 Pelzer, K. D. 1989. Salmonellosis. J. Am. Vet. Med. Assoc. 195:456-463. 
 Perez-Perez, F. J., and N. D. Hanson. 2002. Detection of plasmid-mediated AmpC 
beta-lactamase genes in clinical isolates by using multiplex PCR. J. Clin. Microbiol. 
40:2153-2162. 
 Pezzella, C., A. Ricci, E. DiGiannatale, I. Luzzi, and A. Carattoli. 2004. 
Tetracycline and streptomycin resistance genes, transposons, and plasmids in 
Salmonella enterica isolates from animals in Italy. Antimicrob. Agents Chemother. 
48:903-908. 
REFERENCE 
 
  
 
 
297 
 Phan, Q., P. Mshar, T. Rabatsky-Ehr, C. Welles, R. Howard, J. Hadler, S. Hurd, 
P. Clogher, R. Marcu, and L. Demma. 2007. Laboratory-confirmed non-O157 Shiga 
toxin producing Escherichia coli ---Connecticut, 2000--2005. Morb. Mortal. Wkly. 
Rep. 56:29-31. 
 Phan, T. K. 2002. Food safety activities in Vietnam. FAO/WHO global forum of food 
safety regulators. Marrakech, Morocco, 28 - 30 January 2002. 
 Phan, T. T., L. T. Khai, N. Ogasawara, N. T. Tam, A. T. Okatani, M. Akiba, and 
H. Hayashidani. 2005. Contamination of Salmonella in retail meats and shrimps in 
the Mekong Delta, Vietnam. J. Food Prot. 68:1077-1080. 
 Philippon, A., G. Arlet, and G. A. Jacoby. 2002. Plasmid-determined AmpC-type 
beta-lactamases. Antimicrob. Agents Chemother. 46:1-11. 
 Phillips, D., D. Jordan, S. Morris, I. Jenson, and J. Sumner. 2006. A national 
survey of the microbiological quality of beef carcasses and frozen boneless beef in 
Australia. J. Food Prot. 69:1113-1117. 
 Pierard, D., D. Stevens, L. Moriau, H. Lior, and S. Lauwers. 1997. Isolation and 
virulence factors of verocytotoxin-producing Escherichia coli in human stool samples. 
Clin. Microbiol. Infect. 3:531-540. 
 Ploy, M.-C., D. Chainier, N. H. Tran Thi, I. Poilane, P. Cruaud, F. Denis, A. 
Collignon, and T. Lambert. 2003. Integron-associated antibiotic resistance in 
Salmonella enterica serovar Typhi from Asia. Antimicrob. Agents Chemother. 
47:1427-1429. 
 Plummer, R. A., S. J. Blissett, and C. E. Dodd. 1995. Salmonella contamination of 
retail chicken products sold in the UK. J. Food Prot. 58:843-846. 
 Poppe, C., M. Ayroud, G. Ollis, M. Chirino-Trejo, N. Smart, S. Quessy, and P. 
Michel. 2001. Trends in antimicrobial resistance of Salmonella isolated from animals, 
foods of animal origin, and the environment of animal production in Canada, 1994-
1997. Microb. Drug Resist. 7:197-212. 
 Poppe, C., L. Martin, A. Muckle, M. Archambault, S. McEwen, and E. Weir. 
2006. Characterization of antimicrobial resistance of Salmonella Newport isolated 
from animals, the environment, and animal food products in Canada. Can. J. Vet. Res. 
70:105-114. 
 Potasman, I., A. Paz, and M. Odeh. 2002. Infectious outbreaks associated with 
bivalve shellfish consumption: a worldwide perspective. Clin. Infect. Dis. 35:921-928. 
 Powell, J. L. 1999. Vibrio species. Clin. Lab. Med. 19:537-552. 
 Prescott, J. F. 2000a. Antimicrobial drug action and interaction: an introduction, p. 3-
11. In Prescott, J. F., J. D. Baggot, and R. D. Walker (ed.), Antimicrobial therapy in 
veterinary medicine, 3rd ed. Iowa State University Press, Ames. 
REFERENCE 
 
  
 
 
298 
 Prescott, J. F. 2000b. Antimicrobial drug resistance and its epidemiology, p. 27-49. In 
Prescott, J. F., J. D. Baggot, and R. D. Walker (ed.), Antimicrobial therapy in 
veterinary medicine. Iowa State University Press, Ames. 
 Punia, P., M. D. Hampton, A. M. Ridley, L. R. Ward, B. Rowe, and E. J. 
Threlfall. 1998. Pulsed-field electrophoretic fingerprinting of Salmonella indiana and 
its epidemiologic applicability. J. Appl. Mirobiol. 84:103-107. 
 Rabbani, G. H., and W. B. Greenough III. 1999. Food as a vehicle of transmission 
of cholera. J. Diarrhoeal. Dis. Res. 17:1-9. 
 Rabsch, W., S. Mirold, W. D. Hardt, and H. Tschape. 2002. The dual role of wild 
phages for horizontal gene transfer among Salmonella strains. Berl. Munch. Tierarztl. 
Wochenschr. 115:355-9. 
 Radstrom, P., G. Swedberg, and O. Skold. 1991. Genetic analyses of sulfonamide 
resistance and its dissemination in gram-negative bacteria illustrate new aspects of R 
plasmid evolution. Antimicrob. Agents Chemother. 35:1840–1848. 
 Rahn, K., S. A. De Grandis, R. C. Clarke, S. A. McEwen, J. E. Galan, C. 
Ginocchio, R. Curtiss, and C. L. Gyles. 1992. Amplification of an invA gene 
sequence of Salmonella typhimurium by polymerase chain reaction as a specific 
method of detection of Salmonella. Mol. Cell. Probes 6:271-279. 
 Ramamurthy, T., S. Garg, R. Sharma, S. K. Bhattacharya, G. B. Nair, T. 
Shimada, T. Takeda, T. Karasawa, H. Kurazano, and A. Pal. 1993. Emergence of 
a novel strain of Vibrio cholerae with epidemic potential in southern and eastern India. 
Lancet 341:703–704. 
 Rankin, S. C., H. Aceto, J. Cassidy, J. Holt, S. Young, B. Love, D. Tewari, D. S. 
Munro, and C. E. Benson. 2002. Molecular characterization of cephalosporin 
resistant Salmonella enterica serotype Newport isolates from animals in Pennsylvania. 
J. Clin. Microbiol. 40:4679-4684. 
 Rasmussen, M. A., S. A. Carlson, S. K. Franklin, Z. P. McCuddin, M. T. Wu, and 
V. K. Sharma. 2005. Exposure to rumen protozoa leads to enhancement of 
pathogenicity of and invasion by multiple-antibiotic-resistant Salmonella enterica 
bearing SGI1. Infect. Immun. 73:4668–4675. 
 Rasrinaul, L., O. Suthienkul, P. D. Echeverria, D. N. Taylor, J. Seriwatana, A. 
Bangtrakulnonth, and U. Lexomboon. 1988. Foods as a source of enteropathogens 
causing childhood diarrhea in Thailand. Am. J. Trop. Med. Hyg. 39:97-102. 
 Ratchtrachenchai, O.-A., S. Subpasu, H. Hayashi, and W. Ba-Thein. 2004. 
Prevalence of childhood diarrhoea-associated Escherichia coli in Thailand. J. Med. 
Microbiol. 53:237-243. 
 Recchia, G. D., and R. M. Hall. 1995. Gene cassettes: a new class of mobile element. 
Microbiology 141:3015–3027. 
REFERENCE 
 
  
 
 
299 
 Refsum, T., E. Heir, G. Kapperud, T. Vardund, and G. Holstad. 2002. Molecular 
epidemiology of Salmonella enterica serovar Typhimurium isolates determined by 
pulsed-field gel electrophoresis: Comparison of isolates from avian wildlife, domestic 
animals, and the environment in Norway. Appl. Environ. Microbiol. 68:5600–5606. 
 Reilly, W. J., G. I. Forbes, J. C. Sharp, S. I. Oboegbulem, P. W. Collier, and G. 
M. Paterson. 1988. Poultry-borne salmonellosis in Scotland. Epidemiol. Infect. 
101:115-122. 
 Rice, L. B., D. Sahm, and R. A. Bonomo. 2003. Mechanisms of resistance to 
antibacterial agents, p. 1074-1101. In Murray, P. R., E. J. Baron, J. H. Jorgensen, M. 
A. Pfaller, and R. H. Yolken (ed.), Manual of clinical microbiology, vol. 1. ASM 
Press, Washington, D. C. 
 Rich, C., A. Alfidja, J. Sirot, B. Joly, and C. Forestier. 2001. Identification of 
human enterovirulent Escherichia coli strains by multiplex PCR. J. Clin. Lab. Anal. 
15:100–103. 
 Ridley, A., and E. J. Threlfall. 1998. Molecular epidemiology of antibiotic resistance 
genes in multiresistant epidemic Salmonella typhimurium DT 104. Microb. Drug 
Resist. 4:113-118. 
 Riley, A., M. Hanson, and C. Ramsey. 1992. Tropical fish as a source of Salmonella 
java infection. Commun. Dis. Env. Health Scotland 26:4-5. 
 Ripabelli, G., M. L. Sammarco, G. M. Grasso, I. Fanelli, A. Caprioli, and I. 
Luzzi. 1999. Occurrence of Vibrio and other pathogenic bacteria in Mytilus 
galloprovincialis (mussels) harvested from Adriatic Sea, Italy. Int. J. Food Microbiol. 
49:43-48. 
 Rippey, S. R. 1994. Infectious diseases associated with molluscan shellfish 
consumption. Clin. Microbiol. Rev. 7:419-425. 
 Roberts, M. C. 2003. Tetracycline therapy: update. Clin. Infect. Dis. 36:462–467. 
 Robicsek, A., D. F. Sahm, J. Strahilevitz, G. A. Jacoby, and D. C. Hooper. 2005. 
Broader distribution of plasmid-mediated quinolone resistance in the United States. 
Antimicrob. Agents Chemother. 49:3001–3003. 
 Robicsek, A., G. A. Jacoby, and D. C. Hooper. 2006. The worldwide emergence of 
plasmid-mediated quinolone resistance. Lancet Infect. Dis. 6:629-640. 
 Robins-Browne, R. M., A. M. Bordun, M. Tauschek, V. R. Mennett-Wood, J. 
Russell, F. Oppedisano, N. A. Lister, K. A. Bettelheim, C. K. Fairley, M. I. 
Sinclair, and M. E. Hellard. 2004. Escherichia coli and community-acquired 
gastroenteritis, Melbourne, Australia. Emerg. Infect. Dis. 10:1797-1805. 
 Rodrigo, S., A. Adesiyun, Z. Asgarali, and W. Swanston. 2006. Occurence of 
selected foodborne pathogens on poultry and poultry giblets from small retail 
processing operations in Trinidad. J. Food Prot. 69:1096-1105. 
REFERENCE 
 
  
 
 
300 
 Rodriguez-Martinez, J.-M., L. Poirel, A. Pascual, and P. Nordmann. 2006. 
Plasmid-mediated quinolone resistance in Australia. Microb. Drug Resist. 12:99 -102. 
 Rosenberg, M. L., J. P. Koplan, I. K. Wachsmuth, J. G. Wells, E. J. Gangarosa, 
R. L. Guerrant, and D. A. Sack. 1977. Epidemic diarrhea at Crater Lake from 
enterotoxigenic Escherichia coli. A large waterborne outbreak. Ann. Intern. Med. 
86:714–718. 
 Rosser, S. J., and H.-K. Young. 1999. Identification and characterization of class 1 
integrons in bacteria from an aquatic environment. J. Antimicrob. Chemother. 44:11-
18. 
 Rotger, R., and J. Casadesus. 1999. The virulence plasmids of Salmonella. Internatl. 
Microbiol. 2:177-184. 
 Rowe-Magnus, D. A., and D. Mazel. 2002. The role of integrons in antibiotic 
resistance gene capture. Int. J. Med. Microbiol. 292:115-25. 
 Roy, P. H., A. S. Dhillon, L. H. Lauerman, D. M. Schaberg, D. Bandli, and S. 
Johnson. 2002. Results of Salmonella isolation from poultry products, poultry, 
poultry environment, and other characteristics. Avian Dis. 46:17-24. 
 Russo, T. A., and J. R. Johnson. 2000. Proposal for a new inclusive designation for 
extraintestinal pathogenic isolates of Escherichia coli: ExPEC. J. Infect. Dis. 
181:1753-1754. 
 Rusul, G., J. Khair, S. Radu, C. T. Cheah, and R. M. Yassin. 1996. Prevalence of 
Salmonella in broilers at retail outlets, processing plants and farms in Malaysia. Int. J. 
Food Microbiol. 33:183-194. 
 Sackey, B. A., P. Mensah, E. Collison, and E. Sakyi-Dawson. 2001. 
Campylobacter, Salmonella, Shigella and Escherichia coli in live and dressed poultry 
from metropolitan Accra. Int. J. Food Microbiol. 71:21-28. 
 Saenz, Y., M. Zarazaga, L. Brinas, M. Lantero, F. Ruiz-Larrea, and C. Torres. 
2001. Antibiotic resistance in Escherichia coli isolates obtained from animals, foods 
and humans in Spain. Int. J. Antimicrob. Agents. 18:353-358. 
 Saenz, Y., L. Brinas, E. Dominguez, J. Ruiz, M. Zarazaga, J. Vila, and C. Torres. 
2004. Mechanisms of resistance in multiple-antibiotic-resistant Escherichia coli 
strains of human, animal, and food origins. Antimicrob. Agents Chemother. 48:3996–
4001. 
 Salauze, D., I. Otal, R. Gomez-Lus, and J. Davies. 1990. Aminoglycoside 
acetyltransferase 3-IV (aacC4) and hygromycin B 4-I phosphotransferase (hphB) in 
bacteria isolated from human and animal sources. Antimicrob. Agents Chemother. 
34:1915–1920. 
 Salmanzadeh-Ahrabi, S., E. Habibi, F. Jaafari, and M. R. Zali. 2005. Molecular 
epidemiology of Escherichia coli diarrhoea in children in Tehran. Ann. Trop. Paediatr. 
25:35-9. 
REFERENCE 
 
  
 
 
301 
 Salyers, A. A. 1993. Gene transfer in the mammalian intestinal tract. Curr. Opin. 
Infect. Dis. 4:294-298. 
 Salyers, A. A., N. B. Shoemaker, A. M. Stevens, and L.-Y. Li. 1995. Conjugative 
transposons: an unusual and diverse set of integrated gene transfer elements. 
Microbiol. Rev. 59:579-590. 
 Samadpour, M., M. W. Barbour, T. Nguyen, T. M. Cao, F. Buck, G. A. Depavia, 
E. Mazengia, P. Yang, D. Alfi, M. Lopes, and J. D. Stopforth. 2006. Incidence of 
enterohemorrhagic Escherichia coli, Escherichia coli O157, Salmonella, and Listeria 
monocytogenes in retail fresh ground beef, sprouts, and mushrooms. J. Food Prot. 
69:441-443. 
 Sander, M., and H. Schmieger. 2001. Method for host-independent detection of 
generalized transducing bacteriophages in natural habitats. Appl. Environ. Microbiol. 
67:1490–1493. 
 Savarino, S. J., A. Fasano, J. Watson, B. M. Martin, M. M. Levine, S. Guandalini, 
and P. Guerry. 1993. Enteroaggregative Escherichia coli heat-stable enterotoxin 1 
represents another subfamily of E. coli heat-stable toxin. Proc. Natl. Acad. Sci. USA 
90:3093-3097. 
 Savarino, S. J., A. McVeigh, J. Watson, A. Cravioto, J. Molina, P. Echeverria, M. 
K. Bhan, M. M. Levine, and A. Fasano. 1996. Enteroaggregative Escherichia coli 
heat-stable enterotoxin is not restricted to enteroaggregative E. coli. J. Infect. Dis. 
173:1019-1022. 
 Schicklmaier, P., E. Moser, T. Wieland, W. Rabsch, and H. Schmieger. 1998. A 
comparative study on the frequency of prophages among natural isolates of 
Salmonella and Escherichia coli with emphasis on generalized transducers. Antonie 
Van Leeuwenhoek 73:49-54. 
 Schmieger, H. 1972. Phage P22 mutants with increased or decreased transduction 
activities. Mol. Gen. Genet. 119:75-88. 
 Schmieger, H., and P. Schicklmaier. 1999. Transduction of multiple drug resistance 
of Salmonella enterica serovar typhimurium DT104. FEMS Microbiol. Lett. 170:251-
6. 
 Schroeder, C. M., D. G. White, B. Ge, Y. Zhang, P. F. McDermott, S. Ayers, S. 
Zhao, and J. Meng. 2003. Isolation of antimicrobial-resistant Escherichia coli from 
retail meats purchased in Greater Washington, DC, USA. Int. J. Food Microbiol. 
85:197-202. 
 Schroeder, C. M., D. G. White, and J. Meng. 2004. Retail meat and poultry as a 
reservoir of antimicrobial-resistant Escherichia coli. Food Microbiol. 21:249-255. 
 Schultsz, C., L. M. Vien, J. I. Campbell, N. V. V. Chau, T. S. Diep, N. V. M. 
Hoang, T. T. T. Nga, P. Savelkoul, K. Stepnieuwska, C. Parry, T. T. Hien, and J. 
J. Farrar. 2006. Changes in the nasal carriage of drug-resistant Streptococcus 
REFERENCE 
 
  
 
 
302 
pneumoniae in urban and rural Vietnamese schoolchildren. Trans. R. Soc. Trop. Med. 
Hyg. Article in press. 
 Schwarz, S., and E. Chaslus-Dancla. 2001a. Use of antimicrobials in veterinary 
medicine and mechanisms of resistance. Vet. Res. 32:201-225. 
 Schwarz, S., C. Kehrenberg, and T. R. Walsh. 2001b. Use of antimicrobial agents 
in veterinary medicine and food animal production. Int. J. Antimicrob. Agents. 
17:431–437. 
 Scott, J., and G. Churchward. 1995. Conjugative transposition. Annu. Rev. 
Microbiol. 49:367-397. 
 Sefton, A. M. 2002. Mechanisms of antimicrobial resistance: their clinical relevance 
in the new millennium. Drugs 62:557-566. 
 Selander, R. K., N. H. Smith, J. Li, P. Beltran, K. E. Ferris, D. J. Kopecko, and F. 
A. Rubin. 1992. Molecular evolutionary genetics of the cattle-adapted serovar 
Salmonella dublin. J. Bacteriol. 174:3587-3592. 
 Sengelov, G., B. Halling-Sorensen, and F. M. Aarestrup. 2003. Susceptibility of 
Escherichia coli and Enterococcus faecium isolated from pigs and broiler chickens to 
tetracycline degradation products and distribution of tetracycline resistance 
determinants in E. coli from food animals. Vet. Microbiol. 95:91-101. 
 Servin, A. L. 2005. Pathogenesis of Afa/Dr diffusely adhering Escherichia coli. Clin. 
Microbiol. Rev. 18:264-292. 
 Seyfarth, A. M., H. C. Wegener, and N. Frimodt-Moller. 1997. Antimicrobial 
resistance in Salmonella enterica subsp. enterica serovar typhimurium from humans 
and production animals. J. Antimicrob. Chemother. 40:67-75. 
 Sharma, C., M. Thungapathra, A. Ghosh, A. K. Mukhopadhyay, A. Basu, R. 
Mitra, I. Basu, S. K. Bhattacharya, T. Shimada, T. Ramamurthy, T. Takeda, S. 
Yamasaki, Y. Takeda, and G. B. Nair. 1998. Molecular analysis of non-O1, non-
O139 Vibrio cholerae associated with an unusual upsurge in the incidence of cholera-
like disease in Calcutta, India. J. Clin. Microbiol. 36:756–763. 
 Shimada, T., G. B. Nair, B. C. Deb, M. J. Albert, and R. B. Sack. 1993. Outbreaks 
of Vibrio cholerae non-O1 in India and Bangladesh. Lancet 341:1346-1347. 
 Shirai, H., H. Ito, T. Hirayama, Y. Nakamoto, N. Nakabayashi, K. Kumagai, Y. 
Takeda, and M. Nishibuchi. 1990. Molecular epidemiologic evidence for association 
of thermostable direct hemolysin (TDH) and TDH-related hemolysin of Vibrio 
parahaemolyticus with gastroenteritis. Infect. Immun. 58:3568-3573. 
 Singer, R. S., S. K. Patterson, A. E. Meier, J. K. Gibson, H. L. Lee, and C. W. 
Maddox. 2004. Relationship between phenotypic and genotypic florfenicol resistance 
in Escherichia coli. Antimicrob. Agents Chemother. 48:4047-4049. 
 Singh, R., C. M. Schroeder, J. Meng, D. G. White, P. F. McDermott, D. D. 
Wagner, H. Yang, S. Simjee, C. DebRoy, R. D. Walker, and S. Zhao. 2005. 
REFERENCE 
 
  
 
 
303 
Identification of antimicrobial resistance and class 1 integrons in Shiga toxin-
producing Escherichia coli recovered from humans and food animals. J. Antimicrob. 
Chemother. 56:216-219. 
 Snyder, J. D., J. G. Wells, J. Yashuk, N. Puhr, and P. A. Blake. 1984. Outbreak of 
invasive Escherichia coli gastroenteritis on a cruise ship. Am. J. Trop. Med. Hyg. 
33:281–284. 
 Soerjadi-Liem, A. S., and R. B. Cumming. 1984. Studies on the incidence of 
Salmonella carriers in broiler flocks entering a poultry processing plant in Australia. 
Poult. Sci. 63:892-895. 
 Sokurenko, E. V., V. Chesnokova, D. E. Dykhuizen, I. Ofek, X.-R. Wu, K. A. 
Krogfelt, C. Struve, M. A. Schembri, and D. L. Hasty. 1998. Pathogenic adaptation 
of Escherichia coli by natural variation of the FimH adhesin. Proc. Natl. Acad. Sci. 
95:8922–8926. 
 Soto, S. M., B. Guerra, A. del Cerro, M. A. Gonzalez-Hevia, and M. C. Mendoz. 
2001. Outbreaks and sporadic cases of Salmonella serovar Panama studied by DNA 
fingerprinting and antimicrobial resistance. Int. J. Food Microbiol. 71:35-43. 
 Srinivasan, V., B. E. Gillespie, L. T. Nguyen, S. I. Headrick, S. E. Murinda, and 
S. P. Oliver. 2007. Characterization of antimicrobial resistance patterns and class 1 
integrons in Escherichia coli O26 isolated from humans and animals. Int. J. 
Antimicrob. Agents. 29:254-262. 
 Stevens, A., K. Youssouf, J.-D. Perrier-Gros-Claude, Y. Millemann, A. Brisabois, 
M. Catteau, J.-F. Cavin, and B. Dufour. 2006. Prevalence and antibiotic-resistance 
of Salmonella isolated from beef sampled from the slaughterhouse and from retailers 
in Dakar (Senegal). Int. J. Food Microbiol. 110:178-186. 
 Stevenson, J. E., K. Gay, T. J. Barrett, F. Medalla, T. M. Chiller, and F. J. 
Angulo. 2007. Increase in nalidixic acid resistance among non-Typhi Salmonella 
enterica isolates in the United States from 1996 to 2003. Antimicrob. Agents 
Chemother. 51:195-197. 
 Stine, O. C., J. A. Johnson, A. Keefer-Norris, K. L. Perry, J. Tigno, S. Qaiyumi, 
M. S. Stine, and J. G. Morris Jr. 2007. Widespread distribution of tetracycline 
resistance genes in a confined animal feeding facility. Int. J. Antimicrob. Agents. 
29:348-352. 
 Stratton, J., L. Stefaniw, K. Grimsrud, D. H. Werker, A. Ellis, E. Ashton, L. 
Chui, E. Blewett, R. Ahmed, C. Clark, F. Rodgers, L. Trottier, and B. Jensen. 
2001. Outbreak of Salmonella paratyphi B var java due to contaminated alfalfa 
sprouts in Alberta, British Columbia and Saskatchewan. Can. Commun. Dis. Rep. 
27:133-137. 
 Su, H.-P., S.-I. Chiu, J.-L. Tsai, C.-L. Lee, and T.-M. Pan. 2005. Bacterial food-
borne illness outbreaks in northern Taiwan, 1995–2001. J. Infect. Chemother. 11:146–
151. 
REFERENCE 
 
  
 
 
304 
 Su, J., L. Shi, L. Yang, Z. Xiao, X. Li, and S. Yamasaki. 2006. Analysis of 
integrons in clinical isolates of Escherichia coli in China during the last six years. 
FEMS Microbiol. Lett. 254:75-80. 
 Suhr, M., I. Benz, and M. A. Schmidt. 1996. Processing of the AIDA-I precursor: 
removal of AIDAc and evidence for the outer membrane anchoring as a beta-barrel 
structure. Mol. Microbiol. 22:31-42. 
 Sunde, M. 2005. Prevalence and characterization of class 1 and class 2 integrons in 
Escherichia coli isolated from meat and meat products of Norwegian origin. J. 
Antimicrob. Chemother. 56:1019-1024. 
 Sunde, M., and M. Nordstrom. 2006. The prevalence of, associations between and 
conjugal transfer of antibiotic resistance genes in Escherichia coli isolated from 
Norwegian meat and meat products. J. Antimicrob. Chemother. 58:741-747. 
 Sundstrom, L., P. Radstrom, G. Swedberg, and O. Skold. 1988. Site-specific 
recombination promotes linkage between trimethoprim and sulfonamide resistance 
genes. Sequence characterization of dhfrV and sulI and a recombination active locus of 
Tn21. Mol. Gen. Genet. 213:191-201. 
 Swamy, S. C., H. M. Barnhart, M. D. Lee, and D. W. Dreesen. 1996. Virulence 
determinants invA and spvC in salmonellae isolated from poultry products, 
wastewater, and human sources. Appl. Environ. Microbiol. 62:3768-3771. 
 Swartz, M. 2002. Human diseases caused by foodborne pathogens of animal origin. 
Clin. Infect. Dis. 34:S111-S122. 
 Tang, P., V. Foubister, M. G. Pucciarelli, and B. B. Finlay. 1993. Methods to study 
bacterial invasion. J. Microbiol. Methods 18:227-240. 
 Taremi, M., S. D. M. Mehdi, L. Gachkar, S. MoezArdalan, K. Zolfagharian, and 
M. Reza Zali. 2006. Prevalence and antimicrobial resistance of Campylobacter 
isolated from retail raw chicken and beef meat, Tehran, Iran. Int. J. Food Microbiol. 
108:401-403. 
 Tassios, P. T., A. Markogiannakis, A. C. Vatopoulos, E. Katsanikou, E. N. 
Velonakis, J. Kourea-Kremastinou, and N. J. Legakis. 1997. Molecular 
epidemiology of antibiotic resistance of Salmonella enteritidis during a 7-year period 
in Greece. J. Clin. Microbiol. 35:1316-1321. 
 Tauxe, R. V. 1997. Emerging foodborne diseases: an evolving public health 
challenge. Emerg. Infect. Dis. 3:425-434. 
 Taylor, W. R., W. L. Schell, K. Choi, D. E. Kinnunen, and P. T. Heise. 1982. A 
foodborne outbreak of enterotoxigenic Escherichia coli diarrhea. N. Engl. J. Med. 
306:1093-1095. 
 Tenover, F. C., R. D. Arbeit, R. V. Goering, P. A. Mickelsen, B. E. Murray, D. H. 
Persing, and B. Swaminathan. 1995. Interpreting chromosal DNA restriction 
REFERENCE 
 
  
 
 
305 
patterns produced by pulsed-field gel electrophoresis: criteria for bacterial strain 
typing. J. Clin. Microbiol. 33:2233-2239. 
 Terakado, N., T. Sekizaki, K. Hashimoto, and S. Naitoh. 1983. Correlation 
between the presence of a fifty-megadalton plasmid in Salmonella dublin and 
virulence for mice. Infect. Immun. 41:443–444. 
 Tessi, M. A., M. S. Salsi, M. I. Caffer, and M. A. Moguilevsky. 1997. Drug 
resistance of Enterobacteriaceae from chicken carcasses. J. Food Prot. 60:1001-1005. 
 Teuber, M. 2001. Veterinary use and antibiotic resistance. Curr. Opin. Microbiol. 
4:493-499. 
 The OzFoodNet Working Group. 2006. Burden and causes of foodborne disease in 
Australia: Annual report of the OzFoodNet network, 2005. Commun. Dis. Intell. 
30:278-300. 
 Threlfall, E. J., L. R. Ward, J. A. Frost, and G. A. Willshaw. 2000. The emergence 
and spread of antibiotic resistance in food-borne bacteria. Int. J. Food Microbiol. 62:1-
5. 
 Todd, E. C. 2006. Challenges to global surveillance of disease patterns. Mar. Pollut. 
Bull. 53:569-578. 
 Tornieporth, N. G., J. John, K. Salgado, P. D. Jesus, E. Latham, M. C. N. Melo, 
S. T. Gunzburg, and L. W. Riley. 1995. Differentiation of pathogenic Escherichia 
coli strains in Brazilian children by PCR. J. Clin. Microbiol. 33:1371–1374. 
 Tosini, F., P. Visca, I. Luzzi, A. M. Dionisi, C. Pezzella, A. Petrucca, and A. 
Carattoli. 1998. Class 1 integron-borne multiple-antibiotic resistance carried by IncFI 
and IncL/M plasmids in Salmonella enterica serotype Typhimurium. Antimicrob. 
Agents Chemother. 42:3053-3058. 
 Trabulsi, L. R., R. Keller, and T. A. Tardelli Gomes. 2002. Typical and atypical 
enteropathogenic Escherichia coli. Emerg. Infect. Dis. 8:508-513. 
 Tran, H. H., G. Bjune, B. M. Nguyen, J. A. Rottingen, R. F. Grais, and P. J. 
Guerin. 2005. Risk factors associated with typhoid fever in Son La province, northern 
Vietnam. Trans. R. Soc.Trop. Med. Hyg. 99:819-826. 
 Tran, T. P., T. L. K. Ly, T. T. Nguyen, M. Akiba, N. Ogasawara, D. Shinoda, A. 
T. Okatani, and H. Hayashidani. 2004. Prevalence of Salmonella spp. in pigs, 
chickens and ducks in the Mekong Delta, Vietnam. J. Vet. Med. Sci. 66:1011-1014. 
 Tribuddharat, C., and M. Fennewald. 1999. Integron-mediated rifampin resistance 
in Pseudomonas aeruginosa. Antimicrob. Agents Chemother. 43:960-962. 
 Tsakris, A., A. P. Johnson, R. C. George, S. Mehtar, and A. C. Vatopoulos. 1991. 
Distribution and transferability of plasmids encoding trimethoprim resistance in 
urinary pathogens from Greece. J. Med. Microbiol. 34:153-157. 
REFERENCE 
 
  
 
 
306 
 Tulloch, E. F., K. J. Ryan, S. B. Formal, and F. A. Franklin. 1973. Invasive 
enteropathic Escherichia coli dysentery. Ann. Intern. Med. 79:13–17. 
 Tuyet, D. T., V. D. Thiem, L. Von Seidlein, A. Chowdhury, E. Park, D. G. Canh, 
B. T. Chien, T. Van Tung, A. Naficy, M. R. Rao, M. Ali, H. Lee, T. H. Sy, M. 
Nichibuchi, J. Clemens, and D. D. Trach. 2002. Clinical, epidemiological, and 
socioeconomic analysis of an outbreak of Vibrio parahaemolyticus in Khanh Hoa 
province, Vietnam. J. Infect. Dis. 186:1615–1620. 
 Uyttendaele, M., P. De Troy, and D. J. 1999. Incidence of Salmonella, 
Campylobacter jejuni, Campylobacter coli, and Listeria monocytogenes in poultry 
carcasses and different types of poultry products for sale on the Belgian retail market. 
J. Food Prot. 62:735–740. 
 Uyttendaele, M. R., J. M. Debevere, R. M. Lips, and K. D. Neyts. 1998. Prevalence 
of Salmonella in poultry carcasses and their products in Belgium. Int. J. Food 
Microbiol. 40:1-8. 
 Vaillant, V., H. de Valk, E. Baron, T. Ancelle, P. Colin, M. C. Delmas, B. Dufour, 
R. Pouillot, Y. Le Strat, P. Weinbreck, E. Jougla, and J. C. Desenclos. 2005. 
Foodborne infections in France. Foodborne Pathog. Dis. 2:221-232. 
 Van Beneden, C. A., W. E. Keene, R. A. Strang, D. H. Werker, A. S. King, B. 
Mahon, K. Hedberg, A. Bell, M. T. Kelly, V. K. Balan, W. R. Mac Kenzie, and D. 
Fleming. 1999. Multinational outbreak of Salmonella enterica serotype Newport 
infections due to alfalfa sprouts. JAMA 281:158–162. 
 van den Bogaard, A. E., and E. E. Stobberingh. 2000. Epidemiology of resistance 
to antibiotics. Links between animals and humans. Int. J. Antimicrob. Agents 14:327-
335. 
 van Leeuwen, W. J., J. van Embden, P. Guinee, E. H. Kampelmacher, A. 
Manten, M. van Schothorst, and C. E. Voogdvan. 1979. Decrease of drug 
resistance in Salmonella in the Netherlands. Antimicrob. Agents Chemother. 16:237-
239. 
 Van Nhiem, D., P. Paulsen, W. Suriyasathaporn, F. J. Smulders, M. N. Kyule, M. 
P. Baumann, K. H. Zessin, and P. Hong Ngan. 2006. Preliminary analysis of 
tetracycline residues in marketed pork in Hanoi, Vietnam. Ann. N. Y. Acad. Sci. 
1081:534–542. 
 van Nhieu, T. G., and E. Collatz. 1987. Primary structure of an aminoglycoside 6'-N-
acetyltransferase, AAC(6')-4, fused in vivo with the signal peptide of the Tn3-encoded 
beta-lactamase. J. Bacteriol. 169:5708-5714. 
 van Pelt, W., H. van der Zee, W. J. B. Wannet, A. W. van de Giessen, D. J. 
Mevius, N. M. Bolder, R. E. Komijn, and Y. T. van Duynhoven. 2003. Explosive 
increase of Salmonella Java in poultry in the Netherlands: consequences for public 
health. Euro Surveill. 8:31-35. 
REFERENCE 
 
  
 
 
307 
 Vaudaus, P., and F. A. Waldvogel. 1979. Gentamicin antibacterial activity in the 
presence of human polymorphonuclear leukocytes. Antimicrob. Agents Chemother. 
16:743-749. 
 Velema, J. P., G. van Wijnen, P. Bult, T. van Naerssen, and S. Jota. 1997. Typhoid 
fever in Ujung Pandang, Indonesia: high-risk groups and high-risk behaviours. Trop. 
Med. Int. Health. 2:1088-1094. 
 Vila, J., A. Gene, M. Vargas, J. Gascon, C. Latorre, and M. T. Jimenez De Anta. 
1998. A case-control study of diarrhoea in children caused by Escherichia coli 
producing heat-stable enterotoxin (EAST-1). J. Med. Microbiol. 47:889-891. 
 Vila, J., M. Vargas, C. Casals, H. Urassa, H. Mshinda, D. Schellemberg, and J. 
Gascon. 1999. Antimicrobial resistance of diarrheagenic Escherichia coli isolated 
from children under the age of 5 years from Ifakara, Tanzania. Antimicrob. Agents 
Chemother. 43:3022–3024. 
 Vo, A. T. T., E. van Duijkeren, A. C. Fluit, W. J. B. Wannet, A. J. Verbruggen, 
H. M. E. Maas, and W. Gaastra. 2006a. Antibiotic resistance, integrons and 
Salmonella genomic island 1 among non-typhoidal Salmonella serovars in the 
Netherlands. Int. J. Antimicrob. Agents. 28:172–179. 
 Vo, A. T. T., E. van Duijkeren, A. C. Fluit, M. E. O. C. Heck, A. Verbruggen, K. 
van der Zwaluw, and W. Gaastra. 2006b. Class 1 integrons in Dutch Salmonella 
enterica serovar Dublin isolates from clinical cases of bovine salmonellosis. Vet. 
Microbiol. 117:192–200. 
 Vo, A. T. T., E. van Duijkeren, A. C. Fluit, M. E. O. C. Heck, A. Verbruggen, H. 
M. E. Maas, and W. Gaastra. 2006c. Distribution of Salmonella enterica serovars 
from humans, livestock and meat in Vietnam and the dominance of Salmonella 
Typhimurium phage type 90. Vet. Microbiol. 113:153–158. 
 Voetsch, A. C., T. J. Van Gilder, F. J. Angulo, M. M. Farley, S. Shallow, R. 
Marcus, P. R. Cieslak, V. C. Deneen, and R. V. Tauxe. 2004. FoodNet estimate of 
the burden of illness caused by nontyphoidal Salmonella infections in the United 
States. Clin. Infect. Dis. 38:S127-34. 
 Vu-Khac, H., E. Holoda, E. Pilipcinec, M. Blanco, J. E. Blanco, G. Dahbi, A. 
Mora, C. Lopez, E. A. Gonzalez, and J. Blanco. 2006. Serotypes, virulence genes, 
intimin types and PFGE profiles of Escherichia coli isolated from piglets with 
diarrhoea in Slovakia. Vet. J. 2:1-8. 
 Wain, J., N. T. T. Hoa, N. T. Chinh, H. Vinh, M. J. Everett, T. S. Diep, N. P. J. 
Day, T. Solomon, N. J. White, L. J. V. Piddock, and C. M. Parry. 1997. 
Quinolone-resistant Salmonella typhi in Vietnam: molecular basis of resistance and 
clinical response to treatment. Clin. Infect. Dis. 25:1404-1410. 
 Wallace, B. J., J. J. Guzewich, M. Cambridge, S. Altekruse, and D. L. Morse. 
1999. Seafood-associated disease outbreaks in New York, 1980-1994. Am. J. Prev. 
Med. 17:48-54. 
REFERENCE 
 
  
 
 
308 
 Wallis, T. S., S. M. Paulin, J. S. Plested, P. R. Watson, and P. W. Jones. 1995. The 
Salmonella dublin virulence plasmid mediates systemic but not enteric phases of 
salmonellosis in cattle. Infect. Immun. 63:2755–2761. 
 Wang, M., J. H. Tran, G. A. Jacoby, Y. Zhang, F. Wang, and D. C. Hooper. 2003. 
Plasmid-mediated quinolone resistance in clinical isolates of Escherichia coli from 
Shanghai, China. Antimicrob. Agents Chemother. 47:2242–2248. 
 Wang, M., D. F. Sahm, G. A. Jacoby, and D. C. Hooper. 2004. Emerging plasmid-
mediated quinolone resistance associated with the qnr gene in Klebsiella pneumoniae 
clinical isolates in the United States. Antimicrob. Agents Chemother. 48:1295–1299. 
 Waters, V. L. 1999. Conjugative transfer in the dissemination of beta-lactam and 
aminoglycoside resistance. Front. Biosci. 4:416-439. 
 Weber, D. J., N. E. Tolkoff-Rubin, and R. H. Rubin. 1984. Amoxicillin and 
potassium clavulanate: an antibiotic combination. Mechanism of action, 
pharmacokinetics, antimicrobial spectrum, clinical efficacy and adverse effects. 
Pharmacotherapy 4:122-136. 
 Weber, J. T., W. C. Levine, D. P. Hopkins, and R. V. Tauxe. 1994. Cholera in the 
United States, 1965-1991. Risks at home and abroad. Arch. Intern. Med. 154:551-556. 
 Wegener, H. C. 2003. Antibiotics in animal feed and their role in resistance 
development. Curr. Opin. Microbiol. 6:439-445. 
 Weigel, R. M., B. Qiao, B. Teferedegne, D. K. Suh, D. A. Barber, R. E. Isaacson, 
and B. A. White. 2004. Comparison of pulsed field gel electrophoresis and repetitive 
sequence polymerase chain reaction as genotyping methods for detection of genetic 
diversity and inferring transmission of Salmonella. Vet. Microbiol. 100:205–217. 
 Weill, F.-X., L. Fabre, B. Grandry, P. A. D. Grimont, and I. Casin. 2005. 
Multiple-antibiotic resistance in Salmonella enterica serotype Paratyphi B isolates 
collected in France between 2000 and 2003 is due mainly to strains harboring 
Salmonella genomic islands 1, 1-B, and 1-C. Antimicrob. Agents Chemother. 
49:2793–2801. 
 Wells, J. G., B. R. Davis, I. K. Wachsmuth, L. W. Riley, R. S. Remis, R. Sokolow, 
and G. K. Morris. 1983. Laboratory investigation of hemorrhagic colitis outbreaks 
associated with a rare Escherichia coli serotype. J. Clin. Microbiol. 18:512-520. 
 White, D. G., C. Hudson, J. J. Maurer, S. Ayers, S. Zhao, M. D. Lee, L. Bolton, T. 
Foley, and J. Sherwood. 2000a. Characterization of chloramphenicol and florfenicol 
resistance in Escherichia coli associated with bovine diarrhea. J. Clin. Microbiol. 
38:4593-4598. 
 White, D. G., S. Zhao, R. Sudler, S. Ayers, S. Friedman, S. Chen, P. F. 
McDermott, S. McDermott, D. D. Wagner, and J. Meng. 2001. The isolation of 
antibiotic-resistant Salmonella from retail ground meats. N. Engl. J. Med. 345:1147-
1154. 
REFERENCE 
 
  
 
 
309 
 White, D. G., S. Zhao, S. Simjee, D. D. Wagner, and P. F. McDermott. 2002. 
Antimicrobial resistance of foodborne pathogens. Microbes Infect. 4:405-412. 
 White, D. G., S. Zhao, P. F. McDermott, S. Ayers, S. Friedman, J. Sherwood, M. 
Breider-Foley, and L. K. Nolan. 2003. Characterization of integron mediated 
antimicrobial resistance in Salmonella isolated from diseased swine. Can. J. Vet. Res. 
67:39-47. 
 White, P. A., C. J. Mclver, Y. M. Deng, and W. D. Rawlinson. 2000b. 
Characterization of the two gene cassettes aadA5 and dfr17. FEMS Microbiol. Lett. 
182:265-269. 
 WHO. 1997. The medical impact of the use of antimicrobials in food animals. 
Document WHO/EMC/ZOO/97.4. 
http://whqlibdoc.who.int/hq/1997/WHO_EMC_ZOO_97.4.pdf. 
 WHO. 2000a. Cholera - WHO fact sheet No. 107. 
http://www.who.int/mediacentre/factsheets/fs107/en/index.html. 
 WHO. 2000b. Factors contributing to resistance. http://www.who.int/infectious-
disease-report/2000/ch3.htm. 
 WHO. 2002. Food safety and foodborne illness. WHO fact sheet No. 237. 
http://www.who.int/mediacentre/factsheets/fs237/en/. 
 WHO. 2005a. Codex commission adopts more than 20 food standards. Sets new 
guidelines on vitamin supplements; creates antimicrobial resistance taskforce. 
http://www.who.int/mediacentre/news/notes/2005/np17/en/index.html. 
 WHO. 2005b. Drug-resistant Salmonella, WHO fact sheet No. 139. 
http://www.who.int/mediacentre/factsheets/fs139/en/. 
 Williamson, C. M., G. D. Pullinger, and A. J. Lax. 1988. Identification of an 
essential virulence region on Salmonella plasmids. Microb. Pathog. 5:469-473. 
 Wilson, I. G., and J. E. Moore. 1996. Presence of Salmonella spp. and 
Campylobacter spp. in shellfish. Epidemiol. Infect. 116:147-153. 
 Wilson, I. G. 2004. Antimicrobial resistance of Salmonella in retail chickens, 
imported chicken portions, and human clinical specimens. J. Food Prot. 67:1220-1225. 
 Winokur, P. L., D. L. Vonstein, L. J. Hoffman, E. K. Uhlenhopp, and G. V. 
Doern. 2001. Evidence for transfer of CMY-2 AmpC ß-lactamase plasmids between 
Escherichia coli and Salmonella isolates from food animals and humans. Antimicrob. 
Agents Chemother. 45:2716-2722. 
 Witte, W. 1998. Medical consequences of antibiotic use in agriculture. Science 
279:996-997. 
 Wittman, R. J., and G. J. Flick. 1995. Microbial contamination of shellfish: 
prevalence, risk to human health, and control strategies. Annu. Rev. Public Health 
16:123-140. 
REFERENCE 
 
  
 
 
310 
 Wiuff, C., M. Madsen, D. L. Baggesen, and F. M. Aarestrup. 2000. Quinolone 
resistance among Salmonella enterica from cattle, broilers, and swine in Denmark. 
Microb. Drug Resist. 6:11-17. 
 Wonderling, L., R. Pearce, F. M. Wallace, J. E. Call, I. Feder, M. Tamplin, and J. 
B. Luchansky. 2003. Use of pulsed-field gel electrophoresis to characterize the 
heterogeneity and clonality of Salmonella isolates obtained from the carcasses and 
feces of swine at slaughter. Appl. Environ. Microbiol. 69:4177–4182. 
 Wong, H. C., M. C. Chen, S. H. Liu, and D. P. Liu. 1999. Incidence of highly 
genetically diversified Vibrio parahaemolyticus in seafood imported from Asian 
countries. Int. J. Food Microbiol. 52:181-188. 
 Wood, L. V., L. E. Ferguson, P. Hogan, D. Thurman, D. Morgan, H. L. DuPont, 
and C. D. Ericsson. 1983. Incidence of bacterial enteropathogens in foods from 
Mexico. Appl. Environ. Microbiol. 46:328–332. 
 Woodford, N., and M. J. Ellington. 2007. The emergence of antibiotic resistance by 
mutation. Clin. Microbiol. Infect. 13. 
 Wray, C., and J. C. Gnanou. 2000. Antibiotic resistance monitoring in bacteria of 
animal origin: analysis of national monitoring programmes. Int. J. Antimicrob. Agents. 
14:291-294. 
 Wright, G. D. 2005. Bacterial resistance to antibiotics: Enzymatic degradation and 
modification. Adv. Drug Deliv. Rev. 57:1451-1470. 
 Yam, W. C., C. Y. Chan, S. W. H. Bella, T. Y. Tam, C. Kueh, and T. Lee. 1999. 
Abundance of clinical enteric bacterial pathogens in coastal waters and shellfish. Wat. 
Res. 34:51-56. 
 Yamamoto, T., and P. Echverria. 1996. Detection of the enteroaggregative 
Escherichia coli heat-stable enterotoxin 1 gene sequences in enterotoxigenic E. coli 
strains pathogenic for human. Infect. Immun. 64:1441-1445. 
 Yan, J.-J., C.-Y. Hong, W.-C. Ko, Y.-J. Chen, S.-H. Tsai, C.-L. Chuang, and J.-J. 
Wu. 2004. Dissemination of blaCMY-2 among Escherichia coli isolates from food 
animals, retail ground meats, and humans in southern Taiwan. Antimicrob. Agents 
Chemother. 48:1353-1356. 
 Yan, S. S., M. L. Pendrak, B. Abela-Ridder, J. W. Punderson, D. P. Fedorko, and 
S. L. Foley. 2003. An overview of Salmonella typing:  public health perspectives. 
Clin. Appl. Immunol. Rev. 4:189-204. 
 Yao, J. D. C., and R. C. Moellering Jr. 2003. Antibacterial agents, p. 1039-1073. In 
Murray, P. R., E. J. Baron, J. H. Jorgensen, M. A. Pfaller, and R. H. Yolken (ed.), 
Manual of Clinical Microbiology, vol. 1. ASM Press, Washington, D. C. 
 Yates, C. M., M. C. Pearce, M. E. J. Woolhouse, and S. G. B. Amyes. 2004. High 
frequency transfer and horizontal spread of apramycin resistance in calf faecal 
Escherichia coli. J. Antimicrob. Chemother. 54:534-537. 
REFERENCE 
 
  
 
 
311 
 Yavzori, M., N. Porath, O. Ochana, R. Dagan, R. Orni-Wasserlauf, and D. 
Cohen. 1998. Detection of enterotoxigenic Escherichia coli in stool specimens by 
polymerase chain reaction. Diagn. Microbiol. Infect. Dis.:503-509. 
 Yeung, P. S., and K. J. Boor. 2004. Epidemiology, pathogenesis, and prevention of 
foodborne Vibrio parahaemolyticus infections. Foodborne Pahthog. Dis. 1:74-88. 
 Yin, X., and G. Stotzky. 1997. Gene transfer among bacteria in natural environments. 
Adv. Appl. Mivrobiol. 45:153-212. 
 Yu, H. S., J. C. Lee, H. Y. Kang, D. W. Ro, J. Y. Chung, Y. S. Jeong, S. H. Tae, C. 
H. Choi, E. Y. Lee, S. Y. Seol, Y. C. Lee, and D. T. Cho. 2003. Changes in gene 
cassettes of class 1 integrons among Escherichia coli isolates from urine specimens 
collected in Korea during the last two decades. J. Clin. Microbiol. 41:5429–5433. 
 Zaidi, M. B., P. F. McDermott, P. Fedorka-Cray, V. Leon, C. Canche, S. K. 
Hubert, J. Abbott, M. Leon, S. Zhao, M. Headrick, and L. Tollefson. 2006. 
Nontyphoidal Salmonella from human clinical cases, asymptomatic children, and raw 
retail meats in Yucatan, Mexico. Clin. Infect. Dis. 42:21–28. 
 Zanetti, S., T. Spanu, A. Deriu, L. Romano, L. A. Sechi, and G. Fadda. 2001. In 
vitro susceptibility of Vibrio spp. isolated from the environment. Int. J. Antimicrob. 
Agents. 17:407-409. 
 Zhang, H., L. Shi, L. Li, S. Guo, X. Zhang, S. Yamasaki, S.-i. Miyoshi, and S. 
Shinoda. 2004. Identification and characterization of class 1 integron resistance gene 
cassettes among Salmonella strains isolated from healthy humans in China. Microbiol. 
Immunol. 48:639-645. 
 Zhao, C., B. Ge, J. D. Villena, R. Sudler, E. Yeh, S. Zhao, D. G. White, D. 
Wagner, and J. Meng. 2001a. Prevalence of Campylobacter spp., Escherichia coli, 
and Salmonella serovars in retail chicken, turkey, pork, and beef from the Greater 
Washington, D.C., area. Appl. Environ. Microbiol. 67:5431–5436. 
 Zhao, S., D. G. White, B. Ge, S. Ayers, S. Friedman, L. English, D. Wagner, S. 
Gaines, and J. Meng. 2001b. Identification and characterization of integron-mediated 
antibiotic resistance among Shiga toxin-producing Escherichia isolates. Appl. 
Environ. Microbiol. 67:1558-1564. 
 Zhao, S., D. G. White, P. F. McDermott, S. Friedman, L. English, S. Ayers, J. 
Meng, J. J. Maurer, R. Holland, and R. D. Walker. 2001c. Identification and 
expression of cephamycinase blaCMY genes in Escherichia coli and Salmonella 
isolates from food animals and ground meat. Antimicrob. Agents Chemother. 
45:3647–3650. 
 Zhao, S., A. R. Datta, S. Ayers, S. Friedman, R. D. Walker, and D. G. White. 
2003a. Antimicrobial-resistant Salmonella serovars isolated from imported foods. Int. 
J. Food Microbiol. 84:87-92. 
 Zhao, S., S. Qaiyumi, S. Friedman, R. Singh, S. L. Foley, D. G. White, P. F. 
McDermott, T. Donkar, C. Bolin, S. Munro, E. J. Baron, and R. D. Walker. 
REFERENCE 
 
  
 
 
312 
2003b. Characterization of Salmonella enterica serotype Newport isolated from 
humans and food animals. J. Clin. Microbiol. 41:5366-71. 
 Zhao, S., P. F. McDermott, S. Friedman, S. Qaiyumi, J. Abbott, C. Kiessling, S. 
Ayers, R. Singh, S. Hubert, J. Sofos, and D. G. White. 2006. Characterization of 
antimicrobial-resistant Salmonella isolated from imported foods. J. Food. Prot. 
69:500-507. 
 Zhou, Z., J. Ogasawara, Y. Nishikawa, Y. Seto, A. Helander, A. Hase, N. Iritani, 
H. Nakamura, K. Arikawa, A. Kai, Y. Kamata, H. Hoshi, and K. Haruki. 2002. 
An outbreak of gastroenteritis in Osaka, Japan due to Escherichia coli serogroup 
O166[ratio]H15 that had a coding gene for enteroaggregative E. coli heat-stable 
enterotoxin 1 (EAST1). Epidemiol. Infect. 128:363-371. 
 
 
APPENDIX 
 
  
 
 
313 
APPENDIX 
Table A1: Salmonella spp. isolates which were isolated and used in this study  
Isolates Source 
G
ro
up
 
Serotype 
Antibiotic resistance profiles 
A
M
P 
A
M
O
 
A
U
G
 
T
E
T
 
SU
L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
S/C/1a chicken C1 S. Braenderupt S S S S S S S S S R S I S S S
S/C/2 chicken C1 N/A S S S S S S S S S I S R S S S
S/C/3 chicken E S. London S S S R R S S R S R S R S S S
S/C/5 chicken G2 S. Havana R R S S R S R I S I S I R S S
S/C/9a chicken C2 S. Hadar S S S R I S S R S I S R S S S
S/C/9b chicken G2 S. Havana R R S S S S S S S I S I S S S
S/C/10a chicken B S. Typhimurium S S S S R S S I S S S S S S S
S/C/11 chicken G2 S. Havana S S S S S S S S S R S I S S S
S/C/12 chicken C1 S. Braenderup S S S S S S S S S R S R S S S
S/C/13 chicken C1 N/A S S S S R S S R S I S I S S S
S/C/19 chicken E S. London S S S S S S S S S S S S S S S
S/C/20 chicken C2 S. Havana S S S R I S S I S I S R S S S
S/C/21a chicken C2 S. Albany R R I R R S S I S I S R R S R
S/C/22a chicken E S. Anatum S S S R S S S I S S S S S S S
S/C/22b chicken G2 S. Havana R R S S I S S S S I S I S S S
S/C/23b chicken E S. London S S S R R S S R S S S S S S S
S/C/27 chicken D S. Panama S S S S S S S S S S S S S S S
S/C/30a chicken C2 S. Hadar S S S R I S S S S I S R S S S
S/B/1b beef E S. Lexington S S S S S S S I S S S S S S S
S/B/2 beef E N/A S S S S S S S S S S S S S S S
S/B/3a beef E N/A S S S S S S S I S S S S S S S
S/B/4a beef B S. Typhimurium S S S S S S S S S S S S S S S
S/B/5a beef E S. Lexington S S S S S S S I S S S S S S S
S/B/6 beef E N/A S S S S S S S S S S S S S S S
S/B/7 beef B S. Typhimurium S S S S S S S S S S S S S S S
S/B/8b beef E N/A S S S S I S S S S S S S S S S
S/B/9a beef E N/A S S S S S S S S S S S S S S S
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Isolates Source 
G
ro
up
 
Serotype 
Antibiotic resistance profiles 
A
M
P 
A
M
O
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U
G
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E
T
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L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
S/B/10a beef B S. Typhimurium S S S S S S S S S S S S S S S
S/B/11 beef E N/A S S S S I S S I S S S S S S S
S/B/12 beef E N/A S S S S I S S I S S S S S S S
S/B/13 beef E N/A S S S S S S S S S S S S S S S
S/B/14 beef E N/A S S S S S S S S S S S S S S S
S/B/15 beef E N/A S S S S S S S I S S S S S S S
S/B/16 beef E N/A S S S S S S S I S S S S S S S
S/B/17 beef B Salmonella 
subspecies I ser 
4:-:1,2 
S S S S S S S I S S S S S S S
S/B/18a beef E N/A S S S S I S S S S S S S S S S
S/B/19a beef E S. Anatum S S S R R S S R S I S R S S S
S/B/19b beef E N/A I I S R R S S R S I S R S S S
S/B/20 beef C1 S. Rissen S S S R S S S S S S S S S S S
S/B/21a beef I S. Hull S S S S S S S S S S S S S S S
S/B/22 beef E N/A S S S S S S S S S S S S S S S
S/B/23 beef B Salmonella 
subspecies I ser 
4:-:1,2 
S S S S S S S S S S S S S S S
S/B/24 beef B Salmonella 
subspecies I ser 
4:-:1,2 
S S S S S S S S S S S S S S S
S/B/25 beef E N/A S S S S S S S I S S S S S S S
S/B/26 beef E N/A S S S S S S S I S S S S S S S
S/B/27 beef E N/A S S S S S S S S S S S S S S S
S/B/28 beef E N/A S S S S S S S S S S S S S S S
S/B/29 beef E N/A S S S S S S S S S S S S S S S
S/B/30 beef E N/A S S S S S S S S S S S S S S S
S/B/31 beef E N/A S S S R R S S S S S S S S S S
S/P/1a Pork E N/A S S S S S S S S S S S S S S S
S/P/2a Pork E N/A S S S S S S S S S I S I S S S
S/P/3 Pork E S. Anatum R R S R S S S I S R S R S S S
S/P/4 Pork E N/A R R S R S S S I S S S I S S S
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ro
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Antibiotic resistance profiles 
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G
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ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
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I 
S/P/5a Pork E S. Anatum R R S R S S S S S I S R S S S
S/P/6 Pork E N/A S S S S I S S S S S S S S S S
S/P/7 Pork E S. Anatum R R S R S S S S S S S R S S S
S/P/8 Pork E N/A S S S R S S S I S S S S S S S
S/P/9 Pork B S. Typhimurium R R S R R R R R S S S S S S R
S/P/10 Pork C1 S. Rissen S S S R R S S S S S S S S S S
S/P/11 Pork E S. Anatum R R S R S S S I S S S I S S S
S/P/12 Pork E N/A R R S R S S S I S S S I S S S
S/P/13 Pork E S. Anatum S S S R R S S R S S S S S S S
S/P/14a Pork E N/A S S S S S S S S S S S S S S S
S/P/15 Pork E S. Anatum R R S R S S S S S S S R S S I
S/P/16 Pork E S. London S S S R R S S R S R S R S S S
S/P/17 Pork E S. Anatum R R S R S S S S S R S R S S S
S/P/18 Pork E S. Anatum R R S R S S S S S R S R S S S
S/P/19 Pork E N/A S S S R S S S I S S S S S S S
S/P/20a Pork E N/A S S S S S S S I S S S S S S S
S/P/21 Pork E S. Anatum R R S R S S S S S S S I S S S
S/P/22 Pork E N/A S S S R S S S S S I S R S S S
S/P/23 Pork E S. Anatum R R S R S S S I S S S I S S S
S/P/24 Pork E S. Anatum R R S R R S S R S S S S S S S
S/P/25b Pork E S. Anatum S S S R R S S R S S S S S S S
S/P/26 Pork C1 S. Rissen S S S R I S S I S S S S S S S
S/P/27 Pork C2 S. Newport S S S S I S S I S S S S S S S
S/P/28 Pork E S. Anatum R R S R S S S S S S S I S S S
S/P/29 Pork E S. Anatum R R I R S S S S S S S I S S S
S/P/30a Pork E S. Anatum R R S R S S S I S S S I S S S
S/P/31a Pork E N/A S S S I S S S I S S S S S S S
S/P/32a Pork E N/A S S S R S S S S S S S S S S S
S/SF/1a Mussel E S. Paratyphi B 
biovar Java 
S S S S S S S S S S S S S S S
S/SF/2 Clam E N/A S S S S S S S S S S S S S S S
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Isolates Source 
G
ro
up
 
Serotype 
Antibiotic resistance profiles 
A
M
P 
A
M
O
 
A
U
G
 
T
E
T
 
SU
L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
S/SF/4 Mussel E S. Mowanjum S S S S S S S I S S S S S S S
S/SF/5a Clam E N/A S S S S S S S I S S S S S S S
S/SF/6a Clam E N/A S S S S I S S S S S S S S S S
S/SF/7a Mussel E N/A S S S S S S S S S S S S S S S
S/SF/8a Mussel E S. Typhimurium S S S R S R S I S S S S S S R
S/SF/9 Clam E Salmonella 
subspecies I ser 
9:-:1,5 
S S S S S S S S S S S S S S S
S/SF/10a Mussel E N/A S S S S I S S S S S S S S S S
 
R: Resistant; S: Sensitive; I: Intermediate resistant; N/A: not applicable. 
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Table A2: E. coli  isolates which were isolated and used in this study  
Isolates Source 
Antibiotic resistance profiles 
A
M
P 
A
M
O
 
A
U
G
 
T
E
T
 
SU
L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
E/C/1b Chicken S S I S S S S S S S S S S S R
E/C/2b Chicken R R I R R S S R S S S S S R I 
E/C/3a Chicken R R I R R R R R R R R R R I R
E/C/4a Chicken R R I R R I R I R R R R R I I 
E/C/5a Chicken R R R R R S S R R R R R S R R
E/C/9b Chicken R R I R R R R R R R R R R R R
E/C/10a Chicken I I S S R S S R S S S S S R S 
E/C/11a Chicken R R I R R S S R S I S R R I R
E/C/13a Chicken R R I R R S R R R R R R S I I 
E/C/15a Chicken R R I R R S S R S R S R S I R
E/C/16a Chicken R R R R R I R S R R R R R R R
E/C/17a Chicken R R I R R R R R R R I R R I R
E/C/18a Chicken R R I S R S S I R R R R R I I 
E/C/19a Chicken S S S R R S S I S S I I S I S 
E/C/20a Chicken R R I R R S R I R R R R R I I 
E/C/21a Chicken R R I R R I R R R R R R R R R
E/C/24a Chicken R R I R R S R R S I S I R I R
E/C/25b Chicken R R R R R S S R R R R R R S R
E/C/29a Chicken R R I R R S S I S S S S S I R
E/B/1a Beef S S S R S S S S S S S S S S S 
E/B/4a Beef S S S R S S S S S S S S R S S 
E/B/5a Beef S S S R S S S S S S S S S S R
E/B/9a Beef S S S R S S S S S S S S S S S 
E/B/10a Beef I I S S S S S S S S S S S R S 
E/B/12a Beef S S S S S S S S S S S S S S S 
E/B/16a Beef R R I R R S S R S S S S R S R
E/B/17b Beef R R I R S S S R S I S I R I R
E/B/18a Beef S S S S S S S S S S S S S S S 
E/B/20 Beef S S S S S S S S S S S S S I S 
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Isolates Source 
Antibiotic resistance profiles 
A
M
P 
A
M
O
 
A
U
G
 
T
E
T
 
SU
L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
E/B/22 Beef S S S S S S S S S S S S S S S 
E/B/24 Beef R R I R S S S I S S S S S I S 
E/B/28 Beef S S S R S S S S S S S S S S S 
E/B/30 Beef S S S R S S S I S S S S I S S 
E/B/32 Beef S S S R S S S S S S S S S S S 
E/B/35 Beef S S S S S S S S S S S S S S S 
E/B/39 Beef S S S S S S S S S S S S S I S 
E/B/41 Beef I I S S S S S S S S S S S I S 
E/B/43a Beef S S S R S S S S S S S S S S S 
E/B/46 Beef R R I R R S S R S S S S R I R
E/P/3a Pork S S S R R S S I S I S R R S R
E/P/5a Pork S S S R S S S S S S S S S I S 
E/P/8a Pork S S S R S S S S S S S S S I S 
E/P/11a Pork I S S R S S S S S S S S S I S 
E/P/13a Pork S S S R S S S S S S S S S I S 
E/P/15a Pork R R S R R R R R S I S I R S R
E/P/18a Pork R R I R R S R R I R S R S I S 
E/P/20a Pork R R I R R S S R S S S S R I R
E/P/23a Pork S S S R S S S S S S S I I I S 
E/P/25a Pork R R I R R S S R R R R R R I R
E/P/27a Pork I I I R R S R R R R R R S I R
E/P/29 Pork S I S R S S S R S S S S I S R
E/P/33 Pork I I S R R S S R S S S S R S R
E/P/36a Pork R R I R R S S R S S S S R I S 
E/P/38a Pork R R R S R S S R S S S S S R R
E/P/41a Pork R R S R R S S S S S S S R S R
E/P/43a Pork R R S R R S R R S S S S I S R
E/P/46 Pork R R S R R S S R S I S I R S S 
E/P/48 Pork R R I R R S S R S I S R R I R
E/P/49a Pork R R I R R R R R R R R R R I R
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Isolates Source 
Antibiotic resistance profiles 
A
M
P 
A
M
O
 
A
U
G
 
T
E
T
 
SU
L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
E/SF/1a Shellfish R R I R R S S R S I S R R I R
E/SF/3 Shellfish S S S S S S S S S S S S S S S 
E/SF/5a Shellfish S S S S S S S S S S S S S S S 
E/SF/6a Shellfish R R I R R S S R R R R R R S R
E/SF/8 Shellfish S S S S S S S S S S S S S I S 
E/SF/10a Shellfish R R I R R R S R R R R R S R R
E/SF/11 Shellfish S S S R R S S I S S S S R I S 
E/SF/13a Shellfish I I S S S S S S S S S S S I S 
E/SF/15 Shellfish S S S S S S S S S S S S S S S 
E/SF/16 Shellfish S S S S S S S S S S S S S S S 
E/SF/19a Shellfish S S S R S S S S S S S S S I S 
E/SF/23a Shellfish I I I S S S S S S S S S S S S 
E/SF/29 Shellfish R R R R R S R R S I S R I R R
E/SF/30 Shellfish R R I R R S S S S I S R R I S 
E/SF/34 Shellfish S S S S S S S S S S S S S S S 
E/SF/37a Shellfish S S S R S S S S S S S S S S S 
E/SF/40a Shellfish S S S S S S S S S S S S S S S 
E/SF/42 Shellfish I I I S S S S S S S S S S R S 
E/SF/45 Shellfish S S S R S S S S S S S S S S S 
E/SF/47a Shellfish R R I R R S S R S S S S R R R
E/F/1 Chicken faeces R R I R R S S I S S S S S S R
E/F/2 Chicken faeces R R I R R I R I S I S I R S R
E/F/3 Chicken faeces R R S R R S R R I R S R R I R
E/F/5 Chicken faeces S S S R S S S S S S S S S I S 
E/F/7 Chicken faeces R R I R R S S S S S S S R I R
E/F/8 Chicken faeces R R I R R R R I S R S R R I R
E/F/9 Chicken faeces R R I R R S R I S I S R R R R
E/F/10 Chicken faeces R R I S R S S S S S S S R S R
E/F/11 Chicken faeces S S S R R S R I S I S R R R R
E/F/12 Chicken faeces R R I R R S S R S S S S S I R
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Isolates Source 
Antibiotic resistance profiles 
A
M
P 
A
M
O
 
A
U
G
 
T
E
T
 
SU
L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
E/F/13 Chicken faeces S S S R R R R I S I S R R I R
E/F/14 Chicken faeces R R I R R S S R S S S S S S R
E/F/15 Chicken faeces R R I R R S S S S S S S S S R
E/F/16 Chicken faeces S S S R R R R I S I S R R I R
E/F/17 Chicken faeces R R S R R S S R S I S R S I R
E/F/18 Chicken faeces R R I R R S S R S S S I S S R
E/F/19 Chicken faeces S S S R R R R I S I S R R S R
E/F/20 Chicken faeces S S S R R R R I S I S R R S R
E/F/22 Chicken faeces R R I R R S S R S S S S R I S 
E/F/25 Chicken faeces S S S R R S S I R R R R R I R
 
R: Resistant; S: Sensitive; I: Intermediate resistant.
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Table A3: V. parahaemolyticus isolates which were isolated and used in this study  
Isolates Source 
Antibiotic resistance profiles 
A
M
P 
A
M
O
 
A
U
G
 
T
E
T
 
SU
L
 
K
A
N
 
G
EN
 
ST
R
 
N
O
R
 
E
N
R
 
C
IP
 
N
A
L
 
C
H
L 
C
EP
 
TR
I 
V1 Mussel R R S S I S S S S S S S S S S 
V4 Clam R R S S S S S S S S S S S S S 
V5 Mussel R R S S I S S S S S S S S S S 
V6 Mussel R R S S I S S S S S S S S S S 
V7 Mussel R R S S I S S S S S S S S S S 
V8 Mussel R R S S S I S S S S S S S S I 
V9 Mussel R R S S S I S S S S I S S S S 
V10 Clam  R R S S I I S S S S I S S S S 
V11 Mussel R R S S I S S S S S S S S S S 
V12 Clam R R S S S S S S S S I S S S S 
V14 Mussel R R S S S S S S S S S S S S S 
V15 Clam R R S S I S S S S S S S S S S 
V16 Clam R R S S I S S S S S S S S S S 
V17 Mussel R R S S S S S S S S S S S S S 
V18 Mussel R R S S S S S S S S S S S S S 
V19 Mussel R R S S S S S S S S S S S S S 
 
R: Resistant; S: Sensitive; I: Intermediate resistant.
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